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PREFACE. 

In  igoi  the  Author  contributed  a  series  of  five  illustrated  articles 
to  The  Engineering  Magasine,  entitled,  'Gold  Mining  and  Milling 
in  Western  Australia,'  which  the  Proprietors  of  The  Engineering 
Magasine  have  kindly  allowed  him  to  incorporate  in  this  book. 

The  material  they  contained  has,  however,  been  largely  recast 
and  revised,  the  statistical  portion  has  been  brought  up  to  date, 
and  a  great  deal  of  new  matter  has  been  added  upon  the  geology 
of  the  gold-fields  of  Western  Australia,  oxidised  and  sulpho-tellu- 
ride  ore-treatment,,  mining  laws,  costs,  economics  and  statistics. 

The  chief  objects  the  Author  has  had  in  view  are,  first,  to 
present  a  history  of  gold-mining  in  the  Colony;  secondly,  to 
explain  the  peculiar  difficulties  that  have  been  encountered  in 
the  treatment  of  the  sulpho-telluride  ores  of  Kalgoorlie  and  in 
dealing  with  other  local  problems ;  thirdly,  to  draw  a  comparison 
between  the  conditions  that  obtain  in  Western  Australia  and  other 
mining  fields ;  fourthly,  to  show  by  figures  of  production  and  facts 
that  mining  in  Western  Australia  is  on  a  sounder  footing  than  is 
at  present,  perhaps,  generally  supposed;  and,  fifthly,  to  furnish 
data,  particularly  in  regard  to  costSy  that  may  serve  to  promote 
future  economies  by  calling  attention  to  questions  that  may  be 
worth  studying  in  this  connection. 

A  number  of  expert  writers  have  dealt  with  matters  of  which 
this  book  treats,  but  their  observations  are,  to  a  large  extent, 
buried  in  a  mass  of  literature  that  can  only  be  unearthed  by  a 
large  amount  of  research. 

The  Author  has,  therefore,  endeavoured  to  bring  them  to  light, 
and  piece  together  these  valuable  materials,  which  have  hitherto 
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lain  in  scattered  fragments ;  so  that  this  book  embodies,  not  only 
his  own  views,  but  gives  the  opinions  of  a  large  number  of  emi- 
nent, practical  and  scientific  professional  men — geologists,  mining 
engineers  and  metallurgists — who  are  recognised  as  authorities  in 
mining  matters. 

But  the  Author  has  not  contined  his  attention  to  technical 
questions  only ;  and  with  a  view  to  present  the  problems  which 
beset  mining  in  a  business-like  light  he  has  endeavoured  to  sift 
and  collect  the  views  of  business  authorities,  including  chairmen 
of  mining  companies,  writers  in  the  press,  and  others,  who  have 
dealt  with  the  important  questions  that  are  discussed. 

It  would  be  impossible,  in  the  limits  of  a  preface,  for  the 
Author  to  acknowledge  in  detail  all  the  sources  of  his  information, 
but  extensive  references  have  been  given  in  footnotes  to  papers 
read  before  the  leading  Technical  Institutions,  to  Government 
reports  and  statistics,  to  articles  contributed  to  Journals  and 
Magazines  of  recognised  standing,  and  to  the  official  reports  of 
Mining  Companies,  as  well  as  information  that  has  been  published 
in  the  Financial  Press. 

He  owes  special  thanks  to  a  number  of  professional  friends  for 
notes  and  material  they  have  most  kindly  placed  at  his  disposal,  and 
to  directors  and  secretaries  of  mining  companies  for  the  courtesy 
they  have  shown  In  answering  inquiries  addressed  to  them  at  dif- 
ferent times.  The  Author  relies  on  the  various  authorities  he  has 
named  to  ensure  the  greatest  possible  accuracy  in  figures,  etc.  he 
has  quoted,  and  he  has  referred  to  them  individually  in  ord  er  to 
present  their  views  upon  different  points,  and  to  avoid  taking  credit 
for  the  observations  and  work  of  others. 

The  Author  has  to  acknowledge  his  indebtedness  to  the 
American  Institute  of  Mining  Engineers  for  permitting  him,  with 
the  consent  of  Mr.  T.  A.  RIckard.  to  reproduce  a  number  of  in- 
teresting cuts  from  his  paper  on  'Alluvial  Mining  in  Western 
Australia';  also  to  the  Proprietors  of  The  Statist,  for  the  use  of 
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the  blocks  from  which  the  mine  plans  and  sections  in  Chapter  X. 
have  been  prepared ;  to  the  Proprietors  of  TAe  Financial  Titnes 
and  The  Colonial  Mining  News  for  permission  to  reproduce  several 
illustrations^  and  to  different  mining  companies  for  original  photo- 
graphs they  kindly  placed  at  his  disposal.  He  will  be  pleased  to 
receive  any  information  or  comments  which  will  enable  him  to 
revise  the  present  edition,  should  a  later  one  be  ever  published ; 
and  he  has  particularly  to  thank  his  friend,  Mr;  C.  G,  Warnford 
Lock,  for  much  valuable  assistance. 

The  tendency  of  modern  works  on  mining  is  to  induce  mine 
managers  and  mining  engineers  to  turn  their  thoughts  to  further 
improvements  and  economies*  than  have  yet  been  eifected;  and 
the  Author  ventures  to  hope  that  the  money-bees  in  our  hives  of 
industry — men  in  a  position  to  embark  capital  in  business  enter- 
prises— may  come  to  recognise  that,  although  mining  must  always 
possess  a  speculative  element,  it  should  be  directed  and  managed 
upon  business  lines  ;  and  when  properly  conducted  with  this  object 
differs  materially  from  3  mere  share  gamble,  and  also  pays  better. 

A.  G.  CHARLETON,  A.R.S.M. 

London:  ynwaarr  31,  1903. 


*  Tht Statist,  in  a  leadine  uticle  in  its  issue  of  Jan.  10,  1903,  remarks:  "The  value 
of  gold — that  is  to  say,  its  puichnsLng  power — is  determined  in  the  Ust  resort  by  rhe  COS 
of  producing  the  metal,  and  the  more  that  coit  is  reduced  the  more  also  is  the  purchasing 
power  lowered.  Bnl  a  lowering  of  the  purchasing  power  is  only  another  way  of  expres- 
sing the  fact  that  a  given  weight  of  gold  exchanges  for  less  commodities  than  it  did  pre- 
Tiously.  In  other  words,  a  lowering  of  the  co^t  of  production  of  gold  means  a  rise  in  the 
price  of  commodities." 

As  there  moat,  however,  be  a  limit  below  which  the  price  of  commodities  cannot  fal! 
withoat  danger  to  all  kinds  of  industries  and  dislocation  of  international  trade,  the  eco- 
nomic importance  of  cheap  gold  production  ia  evident.— AUTHon,  Jan.  10,  1903., 
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GOLD    MINING   AND    MILLING    IN 
WESTERN  AUSTRALIA.* 


CHAPTER   I. 

HISTORY,  POPULATION,   POSITION   AND   GENERAL  FEATURES 
OF  THE  GOLI>FIELDS. 

Few  people  interested  in  mining  at  the  present  day  can  be 
unfamiliar  with  the  name  of  Kalgoorlie ;  Kalgurii  as  it  is  some- 
times written,  being  the  name  of  a  small  hill  close  to  the 
township  ;  many,  however,  are  at  best  but  imperfectly  informed 
of  its  remarkable  history  and  surroundings, 

A  few  years  ago  it  was  a  small,  unknown  mining  camp,  in  the 
"  back  blocks  "  of  the  Crown  Colony  of  Western  Australia,  with  a 
few  canvas  huts  and  comigated-iron  shanties  dotted  about ;  to-day 
it  is  a  mining  town  of  the  first  importance,  the  name  of  which  will 
be  handed  down  to  posterity  as  a  landmark  of  British  colonial 
enterprise — a  tribute  that  must  be  hereafter  paid  to  its  pheno- 
menally rapid  development,  galvanised  into  industrial  life,  as  it  has 
been,  by  the  confidence  of  the  capitalist  and  the  enei^y  of  the 
miner ;  of  which  I  believe  we  see  but  the  commencement. 

A  new  gold-mining  discovery  always  excites  wide  interest, 
because  it  presents  a  new  field  alike  for  the  profitable  employment 
of  labour,  and  of  such  surplus  capital  as  may  be  legitimately  em- 
ployed in  business  speculation  by  people  possessed  of  the  means 
to  embark  money  in  mining ;  and  it  offers  opportunities  to 
the  capitalist  for  the  rapid  accumulation  of  wealth,  which  the 
ordinary  investor  in  consols  or  gilt-edged  securities,  seldom  expects 

•  Part  of  the  subject  matter  of  Chaplcra  I.,  H.,  III.,  VI.,  VII.  and  VIII,  w« 
paUished  in  a  series  of  articles  under  the  same  title  contributed  by  the  Author  to  the 
Engi»tering  Magatine,  that  appeared  in  its  Februaiy,  March,  April,  May  and  June 
ittncs  in  igoi.  The  proprietors  of  the  Enginaring  Mageutu  have  kindly  permitted 
the  Author  to  make  use  of  this  mAterial,  which  he  has  however  consideraUy  added  to 
and  revised,  so  as  to  bring  it  ap  to  date. — A.  G.  C. 
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and  is  never  likely  to  realise.  But  Hannan's  (as  Kalgoorlie  is 
sometimes  called)  possesses  special  interest  also  for  engineers, 
owing  to  the  unique  character  of  its' surroundings  and  its  remark- 
able telluride  deposits,  which  have  entailed  modifications  of  ordinary 
practice  in  developing  and  working  them,  and  brought  to  light 
various  new  and  interesting  facts,  from  a  geological,  engineering, 
and  metallurgical  point  of  view.  The  circumstance  that  capital 
has  do  ubtless  been.wrecked  on  its  "  reefs  "  by  unwise  speculators  is 
not,  generally  speaking,  the  fault  of  the  field,  the  geologist,  or  the 
miner  ;  but  is  quite  as  much  due  to  "  market  causes,"  coupled 
with  neglect  of  ordinary  precautions,  by  which  the  operations  of 
prudent  business  men  are  controlled,  as  distinguished  from  those 
of  people  who  go  in  from  time  to  time  for  a  mere  mining  gamble. 

Going  back  to  the  earliest  period  of  the  history  of  the  Colony, 
it  was  not  till  long  after  William  Dampier  (the  first  Englishman 
to  set  foot  on  the  Antipodes),  sailing  from  Mindanao,  landed  on  the 
west  coast  of  Australia  (New  Holland  as  it  was  then  called)  in  i68S, 
in  company  with  the  mutineers  of  the  Cygnet,  that  gold  mining 
actually  sprang  into  existence  ;  though  Dampier  is  credited  on  his 
return  from  England,  in  H.M.S,  Roebuck,  several  years  later  (1699), 
with  the  discovery  of  gold  on  the  north-west  seaboard,  which  is 
marked  on  old  Dutch"  or  Portuguese  maps  Provincia  Aurifera. 
Later  on,  in  1 847,  Mr.  John  Calvert,  visiting  Exmouth  Gulf  in  the 
Scout,  again  drew  attention  to  the  fact  that  the  district  was  gold- 
bearing,  bringing  back  with  him  specimens,  on  the  strength  of 
which  he  is  stated  to  have  endeavoured  to  form  a  company  in 
1849,  but  failed  to  do  so. 

Proof  of  existence  of  gold  in  paying  quantity  dates  back,  how- 
ever, only  to  1886,  following  upon  the  issue  in  1884  of  a  map 
by  Mr.  E.  T.  Hardman,  then  Government  Geologist,  showing  places 
where  gold  was  likely  to  be  found  ;  this  was  after  his  return  from  a 
prospecting  expedition  to  the  Kimberley  district,  in  1882-1883. 
The  Kimberley  field  was  subsequently  proclaimed,  May  19,  1886, 
when  the  first  "rush"  took  place;  whilst  Yilgarn  was  next  dis- 
covered by  Anstey  in  1887  ;  but  it  was  not  till  Mayor  June  of  1892 
that  Arthur  Bayley  and  Wm.  Ford,  starting  from  Southern  Cross, 
setouton  their  eventful  expedition,  which  resulted  in  the  discovery  of 
the  Coolgardie  gold-field,  f  where  they  secured  some  2000  ounces  of 

•  'Map  of  the  World,'  by  Pieler  Pluncius,  the  Dutch  geographer,  1594. 

t  Jobn  Ford  made  the  lirsl  discover)'  of  gold,  near  (he  Coolgardie  water'hole,  pickiog 
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gold  by  "dollying."  This  last  discovery  imparted  an  impetus  to 
prospecting  farther  afield,  and  Kalgoorlie  was  located  by  Patrick 
Hannan's  party  in  June  1893 — an  historical  event  which  has  proved 
probably  as  important  to  Western  Australia  as  Marshall's  discovery 
of  gold  in  1 848,  at  Sutter  creek,  was  to  California. 

There  are  now  nineteen  recognised  gold-fields  in  Western 
Australia,  the  two  last  having  been  recently  discovered  and  pro- 
claimed, viz.:  (i)  Kimberley;  (2)  Pilbarra ;  (3)  West  Pilbarra; 
(4)  Ashburton ;  (5)  Gascoyne ;  (6)  Peak  Hill;  (7)  Murchison; 
(8)  East  Murchison  ;  (9)  Mt.  Margaret;  (10)  Valgoo  ;  (11)  North 
Coolgardie ;  (12)  Yilgam  ;  (13)  Coolgardie;  (14)  Broad  Arrow; 
(15)  EastCoolgardie(betterknown  as  Kalgoorlie);  (16)  North-East 
Coolgardie ;  (17)  Dundas ;  (18)  Donnybrook ;  (19)  Phillips 
River.  The  general  position  of  the  seventeen  older  ones  is  shown 
on  the  map  on  next  page,  while  Donnybrook  is  a  few  miles  inland 
from  the  port  of  Bunbury,  and  Phillips  River  is  some  distance  east 
of  Albany.  I  need  only  add  that  each  goldfield  is  divided  into 
subdistricts,  being  dotted  with  various  independent  mining  camps. 

The  discovery  of  these  gold-fields  was  in  some  instances  not 
altogether  without  romance,  notwithstanding  their  prosaic  surround- 
ings ;  perhaps  in  no  case  more  so  than  in  that  of  the  Pilbarra  field, 
of  which  I  may  quote  the  story  as  commonly  told.  It  appears  that 
a  discerning  youth  of  tender  years  picked  up  a  stone  •  to  throw  at  a 
cow  (some  say  a  crow),  and  noticing  that  it  contained  gold,  reported 
the  fact  to  the  "  Warden."  This  gentleman  was  so  excited  at  the 
news  that  he  flashed  the  intelligence  by  wire  to  the  then  Governor 
of  the  colony,  informing  him  that  a  lad  had  picked  up  a  stone,  to 
throw  at  a  crow — but  forgetting  to  add  that  he  had  seen  gold  In  it ! 
The  Governor,  much  surprised,  but  moved  by  curiosity,  wired  back ; 
*'  Yes ;  and  what  happened  to  the  crow  ? "  (or  cow).  This  elicited 
explanations  which  led  to  the  proclamation  of  the  district  as  a  gold- 
field,  and  in  the  rush  that  followed  this  "  find  "  in  188S,  3493  ounces 
of  gold  are  said  to  have  been  obtained,  valued  at  13,273/.,  early 

up  a  piece  weighing  ibout  half-an- ounce  lying  on  the  surface  at  a  spot  aflerwaids  known 
as  "  Fly  Flat."  Messrs.  H.  M.  Letroy,  in  1863,  C.  C.  Hunt  in  1864,  J.  Forrest  in 
1871,  E.  GiUa  in  1875,  and  D.  Lindsay  in  rSgi.  who  had  previously  visited  the  district, 
se«m  lo  bave  beoi  unaware  of  its  auriferous  character,  though  Hunt  discovered  some 
ODtdops  of  quartz  near  Hampton  Plains,  in  1864.  The  discovery  of  Coolgardie  was 
aiUMUQCed  at  Southern  Cross,  September  18,  i8ga. 

■  The  place  where  tbis  occurred  was  Mallina,  that  now  forms  part  of  Ibe  "  West 
Pilbarra  "  gold-lield,  and  the  bo;'s  name  was  Witbnell ;  it  is  of  interest  as  being  the  Ant 
discoveiy  of  gold  in  the  North- West. 
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attention  being  drawn  to  the  district  by  the  discovery  of  several 
lai^e  nuggets  ;  "  one  of  which  is  stated  to  have  weighed  140  ounces. 

The  East  Cooigardie  gold-field  (to  which  this  and  subsequent 
articles  will  be  chiefly  devoted),  covering  as  it  does  only  632  square 
miles,  is  with  two  exceptions  the  smallest  of  the  previously  named 
nineteen  gold-fields,  which  at  the  end  of  1900  possessed  collectively 
an  area  of  325,513  square  miles,  proclaimed  "open  for  location." 
Nevertheless,  East  Cooigardie  has  the  enviable  distinction  of  a  larger 
output  of  the  precious  metals  than  ail  the  other  fields  combined  ; 
Kalgoorlie  being  credited  up  to  December  1900,  with  no  less  an 
output  than  2,570,161  ounces  of  gold,  produced  in  less  than  five  years. 
The  output  of  the  whole  of  West'Australia  (Kalgoorlie  of  course  in- 
cluded) from  1886  to  the  end  of  December  1900,  is  placed  at 
5.917.S30  ounces  15  pennyweights  15  grains  (about  181  tons 
avoirdupois),  which  calculated  as  having  an  average  value  of  3/.  i6f. 
per  ounce,  represents  22,486,996^  19^.  id. 

The  colony  of  Western  Australia,  comprising  all  that  part 
of  the  Australian  Continent  west  of  the  129th  meridian,  has  an 
aggregate  area  of  975,920  square  miles,  half  of  which  is  within  the 
tropics,  and  whilst  the  interior  is  dry  and  hot  and  subject  to  very 
sudden  changes,  the  coast  is  warm,  with  a  rainfall  varying  from  20 
to  as  much  as  47  inches  at  the  Canning  waterworks  in  the  Darling 
ranges.f  Commencing  in  1830  with  1767,  in  1895 1  Western  Aus- 
tralia possessed  an  estimated  population  of  101,235,  ^^^  '^  ^^^  since 
grown  much  larger,  numbering  184,124  (exclusive  of  Aboriginals) 
at  the  last  Census,  March  31,  1901.  The  revenue  for  the  year 
ending  June  30,  1899,  was  2^478,811/.,  against  which  was  set  an 
expenditure  of  2,539,358/.,  or  15/.  or. /rf.  per  head  ;  whilst  the  revenue 
and  expenditure  in  1900  amounted  to  2,875,396/.  and  2,615,675/.; 
in  1901  to  3,078,034/  and  3,165,244/. ;  and  in  1902  to  3,688,049/. 

*  A  still  larger  one,  koowa  as  Ihe  "  Bobby  Dazzlec  ''  (consistiDg  oi*  alluvial  gold  and 
qnarU]  wa)  aftenrBrds  fouad  in  "  tshaiks  Gull]r  "  (Filbana),  and  was  exhibiled  nl  the  Faiii 
International  Ejthibilion.  The  folloning  particulars  of  it  are  given  by  E.  S.  Simpson 
Ahh.  Pnp-tu  Ftpert  of  tkt  Gtol.  Survty,  1899  :  weight,  487' 13  01. ;  petceatage  of 
gold,  84-85  ;  weight  of  gold,  413-37  oz. ;  value  of  gold  per  01.,  3/.  y.  i'^d.;  total 
value,  1342£  9.1. 

t  The  rollowiDg  arc  given  as  averages :  Perth  33  inches  a  year ;  Bunbnry  37  ; 
Guildford  34  ;  Freemantle  30 ;  Wyndham  39 ;  Derby  28 ;  Espentnce  25 ;  Ceraldion  18 ; 
Yoik  17  ;  Cossack  la;  Onslow  8;  and  Camarvoa  8. 

\  The  great  advance  that  has  taken  place  ance  1S90  is  attributable  to  the  ioSux  of 
" gcdd-Mekers,"  mioers,  artisans  and  otheis  connected  Milk  (he  mining  ioduslry ;  thai 
17,008  people  were  added  to  the  population  in  1894,  an  increase  of  36'  14  per  cenL 
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and  3,490,026/.  respectively,  representing  a  revenue  of  18/.  IJJ',  Qt/., 
and  an  expenditure  of  xyl.  13^.  ^d.  per  capita  in  1902. 

The  dividends  paid  or  declared  by  Western  Australian  mining 
companies  (registered  in  England)  for  four  years  are  officially 
given*  as:  1897,  475,150/.;  1898,  770,829/.:  1899,  2,168,556/.; 
1900,  1,063,860/.;  1901,  1,191,035/.;  total,  5,669,430/.  In  the 
'Handbook  of  Western  Australia,  1900,'  Mr.  E.  W.  Hme,  in  an 
article  entitled  '  The  Gold-Fields  of  Western  Australia,'  draws  an 
interesting  parallel,  with  a  view  to  show  the  growth  of  the  mining 
industry'  in  Western  Australia,  as  compared  with  the  Rand  in  its 
early  days,  the  relative  outputs  of  the  two  districts  being  shown  in 
the  subjoined  table  : — 


Rand. 

1 

Wciltm  AustraUtt. 

Ou«».              ' 

1B87     .... 

23.149            1 

'894      .      ■ 

■       !»7.i3i 

1S88     .... 

207,660 

1895      .      . 

■       a3<.S«3 

1889     ...      . 

369.557 

1896      .      . 

-       281.265 

1890     ...     . 

494.817 

1897      .      ■ 

■       674.994 

1891     .     .     .     . 

739,138 

1898      .      . 

.   I. 050. 184 

1S92     .... 

1899      .      . 
Total 

.   1,643,877 

Total    .     . 

3.033.349            1 

.  4,088,964 

The  figures  in  the  one  case,  are  computed  from  returns  com- 
piled by  the  Witwatersrand  Chamber  of  Mines,  given  by  Messrs. 
Hatch  and  Chalmers  ;  t  in  the  other  from  data  published  by  tht 
Western  Australian  Government ;  and  the  periods  in  the  history 
of  the  two  countries  as  nearly  as  possible  correspond  ;  since  the 
discovery  of  "  banket"  in  the  Transvaal  dates  from  1885,  the  big 
rush  set  in  during  1886,  and  regular  work  commenced  in  1887 
(from  which  year  the  records  of  the  Chamber  of  Mines  start) ; 
whilst  in  Western  Australia,  the  "  rush  "  to  Kalgoorlie  came  in  1893, 
and  work  actively  commenced  in  1894, 

From  the  point  of  view  of  dividends,  according  to  Messrs,  Hatch 
and  Chalmers,t  during  the  same  period  1887-92,  2,108,350/.  was 
distributed  amongst  shareholders  in  Witwatersrand  mines;  whilst 
according  to  the  figures  of  the  Registrar-General  of  the  colony,  the 
payments  by  Western  Australian  companies  during  the  ten  years  § 
1890-1899  aggregated  3,575,119/.,  since  when  the  sum  of  1,392,866/. 
is  stated  to  have  been  paid  by  West  Australian  companies  in  1900, 

*  '  StatUtical  and  olher  Information,'  W.  A.  Government  Office. 

t  The  Geld  Mitus  oftht  Rand,  by  F.  H.  Hatch  and  J.  A.  Chalmers,  p.  284. 

t  Ihid.,  p.  2S7. 

t  During  the  first  four  years  of  this  period,  tbe  dividends  amoaated  to  42,801/. 
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and  1,091,856/.  during  1901  ;  the  total  amount  paid  to  Dec.  31st, 
1901,  being  6,059,841/. 

The  port  of  Fremantle  is  distant  only  about  twelve  miles  from 
Perth  (the  capital  of  the  colony),  but  up  to  1898  all  mails  and  pas- 
sengers for  the  gold-fields  were  landed  at  Albany,  on  St.  George's 
Sound,  which  is  connected  with  Perth  by  railroad,"  the  distance 
between  the  two  places  being  340  miles, 

Kalgoorlie  lies  east  (slightly  north)  of  Perth,  315  miles  from 
Spencer's  Brook,  a  junction  on  the  Perth-Albany  line,  60  miles  east 
of  Perth  ;  the  distance  by  rail  to  Kalgoorlie  from  Perth  thus  being 
375  miles,  and  from  Albany  595  miles.  The  time  taken  by  the  Kal- 
goorlie express  from  Fremantle  used  to  be  reckoned  at  about 
19  hours  when  the  trains  ran  up  to  time 

The  East  Coolgardie  gold-field  is,  however,  within  200  miles 
of  a  port  on  the  coast,  at  Esperance  Bay,  with  which  it  must 
inevitably  ultimately  be  connected  by  rail ;  and  once  the  existing 
opposition  to  the  construction  of  an  outlet  on  the  south  coast  is 
overcome,  it  must  cheapen  and  facilitate  communication  with  the 
field,  benefiting  Dundas  and  the  districts  in  the  south  of  the  colony, 
to  even  a  greater  extent 

The  line  from  Perth  gradually  climbs  the  Darling  range  from 
the  coast,  a  rise  of  about  1000  feet,  till  it  reaches  the  table>land  of 
the  interior — Spencer's  Brook  being  520  feet  above  sea-level— 
from  which  point  the  line  rises  gradually  until  it  reaches  an  eleva- 
tion of  1240  feet  at  Kalgoorlie. 

This  area  forms  a  plateau,  presenting  a  succession  of  ridges 
which  have  a  gradual  north-and-south  direction,  undulating  like 
the  surface  of  the  ocean  after  a  gale.  Their  crests,  which  are 
separated  from  one  another  by  shallow  valleys  varying  in  width 
from  a  mile  or  less  to  ten  miles  or  more,  frequently  consist  of 
domes  of  granite,  laid  bare  and  polished  by  the  wind-driven  sand  ; 
whilst  here  and  there  an  iron-stone  "  blow,"  breaks  the  monotony 
of  the  surroundings  by  its  greater  irregularity. 

The  "lake-beds,"  coloured  blue  on  maps,  are  shallow  basins 
(Fig.  I)  with  clay  bottoms,  dry  as  a  rule,  though  perhaps  containing 
an  occasional  pool  of  brin.e,  or  brackish  water,  which  lingers  there 
after  the  rainy  season,  giving  rise  to  a  so-called  "soak,"  where 

*  The  gauge  of  the  Western  Australian  Railways  is  3  feel  6  inches,  Bad  Ihey  aie  mostlf 
uDgle  lines,  the  raiU  weighing  46I  lb.  per  lineal  yard.  The  cost  of  construction  hu 
nuied  from  3600/.  on  (he  Midland  to  50S8/.  on  the  GoTeroment  lines.  In  Queensland, 
with  a  »milar  gauge,  the  cost  on  the  Bvera£e  hai  been,  t  beli«re,  7068/.  pet  mile. 
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water  has  accumulated  in  a  depression  and  is  obtained  by  digging 
through  the  covering  of  sand.  The  streams,  which  rarely  run  except 
for  a  brief  period   after  heavy  rains,  are   really  sandy   channels 


Fic.  1,— Lake  Lapage. 

sculptured  out  by  the  drainage  system  of  the  country,  marking 
what  may  once  have  been  the  course  of  ancient  rivers,  of  which  a 
mere  trace  remains  unobliterated  by  denudation. 

Taking  a  line  from  Lake  Darldt  to  Dundas  (which  would 
average  about  1400  feet  above  the  sea)  as  the  axis  of  the  plateau  , 
for  50  miles  on  either  side  there  is  but  slight  variation  in  altitude, 
and  the  general  character  of  the  country  is  everywhere  very  uniform. 
The  land  falls  away  from  this  central  dome  eastward,  until  the 
younger  horizontally-bedded  rocks  of  the  Great  Victoria  Desert 
are  reached  ;  and  to  the  west  and  south,  to  the  Indian  and  Southern 
oceans.  The  general  impression  is  that  of  an  endless  plain  with 
gentle  undulations,  the  depressions  of  which  are  filled  with  the 
products  of  erosion. 

In  the  interior  the  miner  is  dependent  for  all  his  supplies  of 
natural  drinking  water  on  an  occasional  well,  "clay  pan,"  or  the 
rock-enclosed  "water-holes,"  which  are  found  in  hollows  exclu- 
sively in  the  granite  (Fig.  2).     In  the  absence  of  well-defined  water- 
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courses,  the  rain  water  is  largely  absorbed  by  the  porous  sandy  soil, 
except  after  heavy  storms,  when  large  tracts  are  covered  by  sheets 
of  water  which  gradually  soak  away,  or  drain  down  to  one  of  the 
aforesaid  "  lakes," 

The  rock  formation  of  this  plateau  consists  mostly  of  granite, 
pierced  by  igneous  intrusions  of  diorite  and  kindred  plutonic  and 
volcanic  rocks  (porphyry  and  andesites)  associated,  it  is  said,  in 
places  with  tuffs,  which  my  friend  Mr.  T.  A.  Rickard  •  states  have 
in  some  instances  been  mistaken  for  sedimentaries.  He  remarks, 
"  There  are  no  fossil-bearing  rocks,  such  as  would  afTord  a  datum- 
line  from  which  to  measure  the  relative  geological  age  of  the  pre- 
vailing formation.  The  age  of  the  rocks  of  the  Coolgardie  area  can 
only  therefore  vaguely  be  described  as  Archaean," 

Notwithstanding,  however,  some  of  the  natural  drawbacks  I 
have  referred  to,  Western  Australia  is  not  by  any  means  such  a 
bad  place  to  live  in  as  many  other  parts  of  the  world,  /or  it  pos- 
sesses several  inestimable  advantages — rich  gold-fields,  a  prc^res- 


FcG.  a.— An  Australian  "  Water- Holi." 

sive  Anglo-Saxon  population,  handsome  towns,  [and  a  climate 
which,  if  not  entirely  free  from  dust,  is  at  any  rate  healthy,  when 
proper  sanitary  precautions  are  taken. 

The  dust-storms,  which  rage  for  days  at  a  time,  are  certainly  a 

•  '  The  Alluvial  Deposits  of  Western  Australia,'  by  T.  A.  Rickaid,  A.R.S.M.,  Tram. 
Am,  /ml.  of  Mining  Enginars,  50!.  xnviii. 
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nuisance,  but  a  secondary  source  of  annoyance  compared  with  the 
bush  flies  •  which  give  rise  to  the  common  complaint  of  "  bungeye," 
a  painful  swelling  of  the  eyelids.  Scorpions,  centipedes,  snakes, 
and  "  red  spiders "  are  more  often  heard  of  than  seen,  and  the 
smaller  fonns  of  irritating  insect  life  are  those  that  are  most  to  be 
dreaded.  The  rainfall  varies  considerably  ;  thus,  while  at  Kalgoorlie 
it  only  amounted  to  2f  inches  in  1894  (an  exceptionally  dry  year), 
in  1893  it  came  to  4I  inches,  but  scarcely  ever  exceeds  8  inches. 
.The  average  is  probably  between  4  and  7  inches.  That  the 
climate  has  not  always  been  so  dry,  however,  is  evidenced  (as 
Mr.  E,  S.  Simpson,  the  Government  Mineralogist,  has  pointed  out) 
by  the  discovery  near  Coolgardie  (which  is  about  twenty  four  miles 
from  Kalgoorlie),  of  a  thick  bed  of  brown  coal  containing  numerous 
fossil  fern-leaves. 

The  local  meteorological  conditions  at  two  places  as  close  even 
as  Coolgardie  and  Kalgoorlie — the  latter  town  being  situated  in 
latitude  30°  45'  south,  and  longitude  121°  30'  east — are  by  no 
means  identical.  In  striking  contrast  to  the  rainfall,  the  rate  of 
evaporation  is  estimated  as  equivalent  to  7  feet  per  annum. 

It  must  not  be  supposed,  however,  as  might  be  expected  under 
such  climatic  conditions,  that  the  general  aspect  of  the  country  is 
that  of  a  South  African  desert  Far  from  it,  as  nearly  the  whole 
plateau  is  covered  with  "  scrub  "  and  "  bush  "  (Fig.  3),  in  which 
the  Ti-tree  and  Mulga  (species  of  flowering  acacias),  Salmon-gum 
{Eucalyptus  salmonopkloia),  and  Gimlet-wood  {E.  salubris)  pre- 
dominatct  This  bush  remains  green  all  the  year  round,  indi- 
vidual trees  attaining  a  height  of  20  to  80  feet,  and  3  inches  to 
3  feet  in  girth.  Here  and  there,  where  the  land  is  scantily 
forested,  may  be  noticed  a  patch  of  "  nigger-head  "  {Xanthorrhcea 
or  Kingid)  both  varieties  of  the  "  grass-tree  "  (the  latter  being 
crowned  with  a  cluster  of  short  spiked  leaves  like  the  head-dress 
of  a  South-Sea  islander),  often  intermixed  in  the  coastal  districts 
with  the  palm-like  Macrozamia  (remarkable  for  its  deep-green 
fronds) ;  whilst  various  curious  tree-shrubs,  such  as  the  Sandalwood 

*  It  is  said  that  Bayud't  «uca1}^tii£  oil,  distilled  fiom  Eueafyflui  maeulata  (var. 
atretiera)  n'ill  keep  off  flies  and  moEquitoes. 

t  The  valuable  forests  ot  JaiiahlEucalyfiiui  marginala)~whiQh  often  attBios  a  height 
of  100  feet  with  a  diameter  of  3  to  5  feet,  and  is  most  useful  for  piles,  wood  paving,  etc, 
owing  to  its  hardness  sod  duiability  in  wMcr^ve  found  in  the  south-west  division  of  the 
ctdoDy,  as  also  Karri  (Eucafypiut  divtriieaUr),  which  sometimes  reaches  a  height  of 
350  feet 
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{Santalum  cygnorum)  flourish  in  the  sandy  interior.  To  the 
pedestrian  compelled  to  "  hump  his  swag "  •  the  tracks  or  roads, 
cut  through  the  "  bush "  with  the  aggravating  straightness  of  a 
Roman  highway,  are  inexpressibly  monotonous,  and  when  an 
elevated  point  is  reached,  the  eye  sweeps  over  miles  and  miles  of 
dull-green  forest  and  scrub,  the  only  evidence  of  human  surround- 
ings being,  perhaps,  a  wisp  of  blue  smoke  from  some  distant  camp 
fire,  or  a  deserted  "  mi-mi,"  t  lately  tenanted. 

Many  of  the  eucalyptus  trees  shed  their  bark  annually,  when 
the  new  wood  exhibits  delicate  tints  of  red,  pink,  salmon  and  green. 


Fig.  3. — On  the  Bulong  Road. 

which  afTords  a  little  variety,  but  their  thin,  lanceolate,  greyish 
leaves,  which  at  times  look  as  if  varnished,  give  little  shade  to  the 
wayfarer.  The  Quandong,  Kurrajong  and  a  few  other  trees  which 
grow  in  isolated  spots,  occasionally,  however,  afford  some  protection 
from  the  blazing  sun.  The  view  in  these  forests  extends  for  a  few 
hundred  yards  only,  and  grass  is  frequently  absent,  or  only  to  be 
found  in  scattered  tufts — sand,  boulders,  or  bare  rock  lying  all 
around.     In  spring  the  forest  land  in  places  is,  however,  abundantly 

•  Carrying  all  hii  worldly  goods  on  his  back,  in  a  "  padi." 

t  A  bush  but,  formed  of  four  posts  ioof«d  wilh  cucalj'ptiis  boughs  with  lh«  leaves  on. 
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Mbtsokological  Conditions  at  Coolgardie,  1897, • 
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carpeted  with  brilliantly  coloured  flowers ;  among  other  unique 
plants  of  this  kind  may  be  mentioned  the  curious  Kangaroo  Paws 
(Anigozanthos),  the  varied  coloured  kinds  of  Stylidctc,  and  others 
of  the  "  Everlasting  "  species,  belonging  to  the  genera  Helichrysum, 
Helipterum,  Waitzia,  Podolepis  and  Angianthus  —  "magnificent 
splashes  of  colour  carpeting  the  desert  with  splendor,"  t  but 
wholly  devoid  of  perfume,  and  with  the  dry,  brittle  texture  of 
immortelles. 

An  old-man  Kangaroo,  or  a  Wallaby,  bounding  ofl"  like  boys  in 
a  sack-race,  a  mob  of  cattle  grazing  on  a  "  station,"  a  troop  of  noisy 
Parrakeets4  the  flight  of  a  leisurely  circling  Hawk,  or  a  Laughing- 
Jackass  perched  on  a  gum-tree,  occasionally  breaks  the  pervading 
solitude  ;  otherwise  the  bush  appears  a  wilderness,  seemingly  devoid 


*  "nieAlluvialDepoEil5ofWesleniAuBtralia,'byT.  A   Rickard,  A.R.S.M.,  Tranx. 
fm.  Iiat.  of  Mining  Enginttrs,  vol.  juviii.  p.  499.  f  T.  A   Rickard,  ibid. 

X  Thirty-two  species  are  recorded ;  the  Ycltow^cfaeeked  Farrakeel  being  one  of  the 
'  ities,  and  popularly  knovn  ai  the  "  Twenty-eight,"  on  accouut  of  its  call. 
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Meteorological  Conditions  at  Kalcooklie,  1897.* 
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of  life  except  when  invaded  by  man.  Lizards,  amongst  which  the 
Mountain  Devil  (Moloch  korridus)  is  one  of  the  most  conspicuous, 
are  more  often  seen  than  anything  else. 

The  high  elevation  of  Kalgoorlie,  and  its  latitude  (more  than 
30°  south),  no  doubt  account  for  the  coolness  of  the  winter  months 
(July,  August  and  September),  when,  as  a  rule,  an  overcoat  can  be 
worn  with  comfort  except  at  midday.  Even  in  summer,  there  is  a 
cool  crispness  of  the  air  at  night,  though  the  shade  temperature 
during  December,  Januaiy  and  February  is  often  very  high. 
During  a  visit  I  paid  to  the  field,  in  1898,  the  thermometer 
roistered  one  day,  January  9,  as  much  as  1 1 3  -  5°  F.  in  the  Palace 
Hotel. 

Typhoid  fever  and  dysentery  are   the  worst  scoui^es  in  the 

towns,  being  more  or  less  prevalent  in  the  hot  season,  owing  partly 

to  the  failure  of  sanitary  arrangements   to   keep   pace  with   the 

growth   of  population,   to   impure   drinking-water,   to   the  germs 

•  T.  A.  Rickard,  Hid. 
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carried  by  dust,"  and  to  personal  carelessness  of  hygienic  precau- 
tions ;  people  leading  sedentary  lives,  like  bank-clerks,  appear  to 
suffer  most 

In  a  climate  of  this  description,  the  agencies  of  surface  erosion 
work  for  destruction  as  slowly  but  surely  as  the  levelling  action  of 
socialism.  The  ordinary  evidence  of  water  erosion  is  absent,  and 
alternating  drifts  of  sand  and  stretches  of  bare  rock  bear  testimony 
to  the  important  part  the  wind  has  played  (without  counting  the 
familiar  trumpet  of  the  company  promoter)  in  the  history  of  the 
West  Australian  gold-fields.  It  has  helped  to  carry  the  products 
of  denudation,  and  liberated  a  great  portion  of  their  contained  gold 
close  to  the  spot  from  which  it  was  originaily  derived — close,  in 
comparison  with  what  would  have  happened  had  the  transporting 
agent  been  water.  Wind,  though  usually  an  insignificant  factor  in 
its  geological  effects,  has,  in  this  instance,  as  will  be  seen  hereafter, 
played  an  important  function,  not  only  in  the  formation  of  local 
deposits  of  alluvial,  but  also  in  enriching  the  upper  decomposed 
portions  of  the  Katgoorlie  formations — its  action  doubtless  extend- 
ing over  ffions  of  time  to  produce  these  remarkable  results.  The 
effects  produced  by  the  constant  wearing  action  of  sand  are  shown 
by  pieces  of  glass  lying  on  the  surface,  which  are  invariably  so 
scratched  as  to  have  a  frosted  appearance. 

The  violent  dust-storms,  driven  in  gyrating  columns  or  chaining 
clouds  across  the  surface  of  the  "  flats  "  and  along  the  streets  of 
Kalgoorlie,  set  in  motion  by  the  draughts  that  obtain  on  this 
elevated  plateau,  are  an  extraordinary  sight,  and  show  the  amount 
of  material  (that  can  be  moved  in  this  manner.  The  whirlwinds, 
veritable  wind-spouts,  termed  by  the  aborigines  "willy-willies," 
springing  up  suddenly,  spin  madly  along,  sometimes  straight  ahead, 
sometimes  in  circles,  collecting  the  dust,  sand,  paper  and  refuse 
they  find  in  their  track,  and  sucking  up  all  the  loose  objects  they 
come  across,  move  rustling  and  hissing  along  until,  subsiding  as 
suddenly  and  erratically  as  they  arose,  they  deposit  their  burden 
of  material,  which  weathering  and  erosion  has  disintegrated,  far 
from  its  original  cradle.  As  will  be  seen  from  the  accompany- 
ing engraving.  Fig.  4,  the  "willy-willy,"  though  more  impressive,  is 
perhaps  less  potent  in  its  effects  as  a  conveyor  than  the  steadier 

H  of  dyMntecy.     The 
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and  more  continuous  dust-storms  travelling  straight  along  in  one 
direction,  and  its  action  is  chiefly  disintegrating. 

To  illustrate  the  power  of  the  wind — termed  by  geoli^ists 
"aolian  agency" — ,Mr.  T.  A.  Rickard  has  pointed  out  that  in 
places  in  Australia  fences  more  than  four  feet  in  height  have  been 


Fir..  4.— A  "  WiLi.Y-WiLLY,"  Ok  WinD'Storm. 

known  to  be  buried  in  a  little  more  than  two  years,  while  in  Egypt 
sand-storms  bury  the  temple  of  the  Sphinx  every  summer,  and  the 
road  built  by  Ismail  Pasha  from  the  Mena  House  to  the  Pyramids 
is  filled  up  with  sand  to  the  level  of  the  six-foot  parapet  in  less 
than  ten  days ! 
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•  T.  A,  Rickard,  iHd. 
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But  wind  has  done  somethitig  more  than  merely  disintegrate 
and  transport  the  loose  material  lying  on  the  surface ;  it  has 
likewise  "  winnowed,"  and  so  classified,  it.  This  is  impressed  on 
the  observer  travelling  through  the  country,  by  acres  and  acres 
strewn  with  a  sheet  of  angular  fragments  of  white  or  coloured 
quartz,  while  close  by  patches  of  "  black  sand,"  glittering  a  stee! 
grey  in  the  bright  sunlight,  or  blue-black  when  in  the  shade  of  a 
passing  cloud,  graduate  off  into  beds  of  gravel  and  dust,  in  which  one 
may  wade  up  to  one's  ankles.  The  heavier  magnetic  ortitaniferous 
iron-sand,  the  product  of  the  decomposed  diorite  found  close  to  the 
spot  where  it  lies,  though  crumbled  to  powder,  is  scarcely  affected 
by  the  wind  which  has  collected  and  moved  the  quartz,  detached 
from  the  stringers  traversing  the  underlying  rocks. 

From  the  extent  of  the  patches  of  iron-stone  and  quartz, 
collected  in  this  manner,  one  might  infer  the  probable  existence  ef 
large  masses  of  both  near  by,  but  the  following  extract  which  I 
may  quote  from  Mr.  Rickard's  excellent  paper  shows  that  this  is 
by  no  means  always  the  case :  "  Owing  to  the  extreme  slowness 
with  which  denudation  progresses  in  this  arid  region,  and  the 
consequent  very  gradual  lowering  of  the  zone  of  oxidation,  the 
rocks  exhibit  above  the  drainage  level  a  marked  intensity  of 
chemical    action.     The  granite    is    kaolinised    to   an    almost   in- 

•  T.  A.  Rickard,  ibid. 
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coherent  clay,  and  the  diorite  is  rendered  abnormally  heavy  in 
iron  by  the  surface-concentration  of  decomposition  products.  And, 
as  the  rock  is  eroded,  the  quartz,  on  account  of  its  hardness,  per- 
sists, so  that  a  series  of  small  stringers  eventually  yields  an  accumu- 
lation suggestive  of  its  derivation  from  a  large  mass."  This,  no 
doubt,  partly  accounts  for  many  mistaken  statements  and  disap- 
pointed hopes,  to  be  found  in  prospectuses,  where  the  prospector 
has  not  satisfied  himself  with  more  than  a  mere  examination  of  the 
surface. 

The  foregoing  process  of  concentration  is  not,  however,  confined 
merely  to  the  accumulation  and  enrichment  of  detrital  deposits  \ 
there  is  ground  for  believing  it  has  affected  the  enrichment  of  the- 
upper  portions  of  the  formations  regarded  as  lodes  "  in  place  "  ;  since 
gold  particles,  scoured  off  by  surface  erosion,  have  no  doubt  found 
their  way  down  through  minute  fissures  and  seams  in  the  dry 
kaotinised  rock  to  considerable  depths,  and  gold  in  solution  has 
doubtless  enriched  the  deposit  still  further  from  the  surface. 

In  sampling  long  cross-cuts  through  the  country  rock,  in  several 
Kalgoorlie  leases,  Mr.  H.  C.  Hoover  mentions,*  as  confirming  this 
conclusion,  that  "  Few  assays  were  secured  above  the  lOO-foot  level, 
which  did  not  yield  from  a  trace  to  8  pennyweights  of  gold  per  ton. 
Yet  in  sampling  cross-cuts  at  greater  depths,  traces  of  gold  became 
smaller  and  smaller,  until  below  the  zone  of  kaoUnisation,  any  trace- 
of  gold  at  all  in  the  country  rock  is  rare." 

In  the  Croesus  South  United,  for  example,  a  cross-cut  on  the 
lOO-foot  level  averaged  6  pennyweights  per  ton,  no  assay  yielding 
over  10  pennyweights ;  yet  a  cross-cut  immediately  beneath,  on 
the  2oo-foot  level,  averaged  but  I  pennyweight  ii  grains. 

The  Government  meteorological  reports  do  not  seem  to  indicate 
that  the  wind  at  Kalgoorlie  blows  steadily  in  any  one  prevalent 
direction,  though  Mr.  Rickard  states  that  his  own  observations 
would  have  led  him  to  think  that  it  followed  as  a  rule  a  south-east- 
north-west  course,  which  corresponds  with  what  I  myself  noticed  ^ 
that  is  to  say,  from  the  Boulder  township  towards  Kalgoorlie. 

The  difference  in  temperature  between  day  and  night  in  Western 
Australia  has  also  helped  in  moulding  its  physiographical  outlines, 
through  the  action  of  dew,  which,  like  water,  changing  in  volume 
with  change  of  temperature,  however  minute  the  change  may  be,. 

•  '  The  Superficial  Altenlion  of  Weslern  Autlralia  Ore  Deposits,'  by  H.  C.  Hoover, 
Traiit.  Am.  Inst,  cf  Mining  Enginetrt,  voL  xxviiL 
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brings  to  bear  on  the  rocks  an  enormous  disintegrating  effect, 
corresponding  to  the  action  of  frost  in  colder  climates,  only  on  a 
lesser  scale. 

This  process,  assisted  by  the  heat  of  the  tropical  sun,  paves  the 
way  for  the  destructive  effect  of  rain,  and  is  the  first  step  in  the 
cycle  of  transport  and  classification  already  outlined,  by  which  soft 
and  hard,  and  light  and  heavy  rock-constituents  are  separated  from 
one. another;  until  finally  the  gold  released  from  its  matrix  is  set 
free.  And  when  the  force  of  the  transporting  agency  is  no  longer 
sufficient  to  carry  its  burden  farther,  the  gold  finds  a  quiet  resting- 
place,  until  it  is  once  more  unearthed  by  the  miner  and  set  in 
commercial  circulation. 

In  the  case  of  water,  the  point  where  detritus  settles  is  governed 
by  the  size  of  the  particles,  the  depth  of  the  current,  the  slope,  size 
and  course  of  the  channel,  as  well  as  by  the  nature  of  the  bed  over 
which  it  is  moved.  In  the  case  of  air,  movement  is  restricted  to 
shorter  distances,  and  the  sorting  process  produces  a  deposit  of  far 
less  r^ular  structure ;  the  settlement  of  the  dust  particles  being 
influenced  by  the  vagaries  of  the  wind  and  obstructions  met  with 
in  their  flight,  by  which  sand  ridges  are  formed,  and  depressions 
which  constitute  natural  riffles  become  gradually  silted  up.  A  par- 
tially classified  deposit  is  thus  gradually,  however,  built  up,  which 
owes  its  existence  to  wind  and  rain  assisted  by  gravity. 

Where  an  outcrop  of  gold-bearing  quartz  follows  the  crest  of  a 
ridge,  a  thin  covering  of  sandy  soil  will  generally  be  found  on  its 
lee  side,  which  thickens  perhaps  lower  down  to  several  feet.  A 
section  of  such  a  deposit  frequently  shows  on  top  a  few  inches  of 
dust  and  sand,  passing  into  compacted  fragments  of  stone  and 
quartz,  bound  together  with  stiff  clay,  forming  an  "a^lomerate," 
locally  known  as  "  cement " — "  an  unclassified  product  of  erosion  " 
(as  Mr.  Rickard  describes  it),  "  lying  close  to  the  place  of  its  origin, 
as  a  mere  collection  of  unassorted  debris,"  Surface  water  has 
doubtless  in  some  if  not  all  cases  aided  in  an  intermittent  way  in 
shifting  portions  of  such  deposits  from  their  original  locus. 

The  underlying  rock  is  so  softened  by  decomposition  that  it 
maybe,  and  often  is,  taken  for  part  of  the  deposit  superposed  on  it ; 
and  if  a  shaft  is  sunk  it  will  penetrate  often  through  feet  and  feet 
of  this  oxidised  ground,  till  solid  diorite  or  granite  makes  its  ap- 
pearance at  a  depth  of  from  50  to  zoo  feet,  where  water-level  is 
reached. 

G  2 
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CHAPTER  II. 

GEOLOGY  OF   WESTERN   AUSTRALIA. 

Having  dealt  in  the  last  chapter  with  the  history,  position  and 
general  features  of  the  gold-fields,  with  special  reference  to  their 
topc^raphy,  and  the  various  agencies  that  have  contributed  to 
produce  the  results  which  are  visible  on  tke  surface ;  I  will  now 
pass  on  to  consider  the  geological  structure  of  the  central  plateau 
of  Western  Australia,  in  order  to  aflbrd  some  idea  of  the  con- 
ditions under  which  its  gold  deposits  have  been  formed,  and  the 
local  peculiarities  which  characterise  and  distinguish  them  from 
ordinary  auriferous  lodes  and  alluvials  in  other  districts. 

Treating  the  subject  from  the  broadest  possible  point  of  view, 
although  Cambrian,  Silurian,  Devonian,  Carboniferous,  Mesozoic 
and  more  recent  rocks  are  represented,  the  greater  portion  of 
Western  Australia  seems  to  consist  of  crystalline  rocks  of  Archaean 
age  (the  floor  upon  which  the  lower  strata  have  been  laid  down), 
comprising  granites,  gneisses  and  schists  ;  these  cover  large  areas 
distinct  from  one  another,  and  run  in  parallel  belts,  more  or  less 
north  and  south,  with  a  slight  north-west  trend.  The  coastal 
plain,  which  fringes  the  sea-board,  is  formed  for  the  most  part 
of  shall  ow  water-deposits  (sandstones,  conglomerates  and  shales, 
with  occasionally  incoherent  sands  and  clays),  its  inner  margin 
rising  in  certain  localities  to  an  altitude  of  600  feet  above  sea 
level,  with  a  more  or  less  gentle  slope  seawards.  Notwithstand- 
ing an  outward  appearance  of  similarity,  as  will  be  seen  later 
on  when  studied  in  detail,  each  of  the  belts  above  referred  to, 
comprising  the  Archaean  series,  presents  locally  considerable 
diversity  in  geological  structure,  which  no  doubt  explains  the 
existence  of  enormously  rich  gold  deposits  in  certain  areas  and 
their  poverty  or  absence  in  others,  although  to  the  superficial 
observer  the  surrounding  conditions  seem  much  the  same. 

Mr.  H.  P.  Woodward,  F.G.S.  (late  Government  Geologist),  con- 
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stders  *  that  the  Archaean  rocks  may  be  divided  into  six  belts,  each 
possessing  distinctive  features  of  its  own  : — 

1.  The  most  westerly  belt,  which  extends  along  the  shores  of 
Western  Australia,  from  the  south  coast  to  the  Murchison  river — 
seen  exposed  at  Northampton,  the  Irwin  river,  and  between  Capes 
Naturaliste  and  Leeuwin — is  stated  by  him  to  comprise  clay-slates 
(often  kaolinised),  quartzites  and  schists,  penetrated  by  dykes  of 
diorite  and  granite,  and  veins  of  quartz,  which  are  characterised 
by  the  frequent  occurrence  of  copper,  lead,  zinc,  iron  pyrites,  and 
ferruginous  graphite. 

2,  The  second  belt,  which  lies  parallel  with  the  first,  forms  the 
bold  steep  escarpments  of  the  Darling  range,  turning  north-east 
beyond  the  Murchison  river ;  and,  200  miles  further  north,  dis- 
appears beneath  a  magnesian  limestone  formation.  These  hill 
ranges,  bounding  the  plateaus  and  plains  of  the  interior,  have  an 
average  elevation  of  about  1200  feet,  although  isolated  ranges 
reach  altitudes  of  4000  feet  above  sea-level.  In  this  belt  the  rocks 
are  composed  of  hard  crystalline  gneiss  and  schist,  traversed  by 
dykes  of  diorite,t  granite  and  felstone.J  and  veins  of  quartz,  in 
which  several  minerals  of  commercial  importance  are  found,  viz. 
tin  (at  Greenbushes),  iron,  manganese,  mica,  asbestos,  and  graphite, 
of  which  last  a  deposit  was  discovered  near  Bridgetown  in  1896. 

3.  The  third  series  lies  100  miles  east  of  the  west  coast,  forming 
what  Mr,  Woodward  calls  "  the  great  granite  belt,"  which,  so  far 
as  is  yet  known,  seems  devoid  of  workable  deposits  of  mineral. 

4,  The  fourth  series,  or  first  auriferous  belt,  possesses  a  width 
of  some  20  miles,  and  lies  east  of !'  the  great  granite  belt,"  with 
which  it  runs  parallel,  starting  at  the  Phillips  river,  in  the  south  of 
the  colony,  and  passing  through  Southern  Cross,  Mount  Magnet, 
and  Cue  ;  then,  turning  north-east  at  Nannine,  it  finally  disappears 
beneath  the  Palaeozoic  rocks,  where  the  Henry  river  valley  junctions 
with  the  Ashburton. 

•  'MiningHandbooktotheColonyofWesternAuslralitt,' 1895, Perth.  By  Aolhont}'. 

t  A  basic  igneous  rock  of  tbe  plutoaic  class,  belongiDg  lo  the  greenstone  group, 
essentially  a  ciystaUine-granulac  compound  of  Telspar  and  hornblende,  the  felspar  being 
olher  than  orthoclase.  Colnur  usually  daik-green  when  freshly  broken.  Occasional 
constiluents  ;  mica,  pyrites,  mi^netic  pyrites  and  iron-oie,  titaniferails  iron-ote,  titanite, 
garnet  and  quarU. 

X  An  add  igneous  rock  of  the  plutonic  class,  belonging  to  the  granite  group,  some- 
times termed  petro-silex,  of  compact  texture,  with  dull,  smooth,  conchoidat,  or  6ssile 
fraclniie.  Coluor  generally  grey,  hut  may  have  a  yellow,  red,  gieen,  or  bluish  shade; 
an  intimate  compound  of  quartz  and  felspar ;  sometimes  massive,  sometimes  schistose. 
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The  rocks  of  this  belt  are  mostly  hornblendic,  micaceous  and 
talcose  schists,  of  which  the  hornblende  schists  closely  resemble 
diorite,  and  are  a  good  deal  broken  and  faulted  by  granite  and 
diorite  dykes  and  quartz  lodes,  containing  gold,  iron  and  copper. 
There  are  also  some  large  magnesian  lode-masses,  rich  in  fine  gold, 
which  Mr.  Woodward  thinks  will  probably  prove  to  be  serpentine 
in  depth  ;  many  of  these  lodes,  in  addition  to  magnesia,  also 
contain  large  quantities  of  chlorite. 

5.  The  fifth,  or  secona  granite  belt,  is  nearly  the  same  width, 
and  is  in  every  way  similar  to  the  first  mentioned,  except  for  the 
absence  of  payable  gold,  and  dips  in  the  same  way  below  the 
Palaeozoic  table-land  of  the  Fortescue. 

6.  The  sixth,  or  second  auriferous  belt,  of  which  the  width  is  yet 
unknown,  extends  from  the  Dundas  hills,  through  Coolgardie, 
Ularring,  and  Lake  Carey,  following  a  parallel  line  with  the  others, 
and  turning,  like  them,  to  the  north-west,  through  Nullagine, 
Pilbarra  and  Mallina. 

The  rocks  in  this  area  are  very  similar  in  general  .character 
to  those  of  the  first  gold  belt,  viz.  hornblende,  mica  and  talc  schists, 
but  the  formation  and  lodes  are  a  great  deal  more  faulted  and 
broken,  though  to  make  up  for  this  they  are  the  richest  that  have 
been  discovered. 

Baron  Sloet  van  Oldruitenboi^h,*  believes  that  the  table-land 
just  described,  of  which  the  greater  part  of  Western  Australia 
consists,  was  elevated  in  Pre-Cambrian  times,  and  was  pierced  by 
numerous  overflows  of  diorite,  diabase,  etc  (probably  submarine), 
which  were  the  precursors  of  the  uplift  to  which  the  Australian 
continent  owes  its  existence. 

He  observes  further,  that  "  very  likely  towards  the  end  of  the 
Permo-carboniferous  period,  the  probable  sinking  of  the  continent 
resulted  in  an  intense  compression  in  an  eastward  direction  of  the 
whole  of  this  mass  of  rocks,  generating  an  east-north-easterly 
thrust,  extending  along  the  coast  of  Western  Australia,  for  a  length 
of  about  800  miles,  which  upheaved  a  doubly-folded  chain,  running 
north-north-west,  perpendicular  to  the  direction  of  orogenical 
pressure." 

The  roots  of  this  chain,  which  has  since  been  planed  down,  are 
in   consequence  now  exposed   at  the  surface,  and  consist  of  the 

*  '  Tedinical  Observaiioni  in  the  Coolgardie  Gold  Field,'  by  Baion  Sloet  van 
Oldruitenborgh.    Translaled  from  the  Fieach  for  The  Mmiiig  Journal,  London. 
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parallel  belts  of  granite,  gneiss,  etc.,  of  which  mention  has  been 
made. 

Mr.  C.  S.  Goczel  •  considers  that  in  Palseozoic  times  this 
portion  of  the  continent  formed  part  of  a  volcanic  archipelago, 
around  which  the  greater  part  of  Western  Australia  was  built, 
and  in  early  Mesozoic  times  (when  the  gradual  upheaval  of  the 
continent  was  completed)  volcanic  action  apparently  died  out 
in  this  part  of  the  globe,  although  it  continued  to  manifest  some 
seismic  and  hydrothermal  activity, — the  agency  to  which  he  ascribes 
the  formation  of  most  of  the  primary  gold  deposits  during  later 
Palaeozoic  times. 

With  the  elevation  of  the  country  above  the  sea,  and  the  cessa- 
tion of  volcanic  activity.  Mr.  Goczel  considers  a  new  era  commenced, 
during  which  great  depressions,  occupied  by  inland  lakes  and 
estuaries,  were  successively  filled  in  with  rock  material  derived 
from  the  adjacent  highlands. 

The  same  author  remarks,  speaking  of  Coolgardie,  t  that  "  The 
main  fissures  extend  for  miles,  and  contain  predominantly  eruptive 
rock  materia],  whereas  ferruginous  quartz,  with  a  higher  or  lower 
gold  yield,  is  only  of  secondary  occurrence  within  them."  The 
dykes,  he  observes,  consist  usually  of  diorites,  diorite-porphyries 
and  porphyrites, } 

Dr.  Chas.  Chewings,  Ph.I>.,  F.G.S.,5  like  Baron  van  Oldruiten- 
borgh,  expresses  the  view  that  the  Coolgardie  gold-field  is  the 
remnant  of  a  large  mountain  chain,  almost  obliterated  by  denuda- 
tion, which  marks  a  line  of  weakness  in  the  earth's  crust,  through 
which  the  materials  forming  the  chain  were  poured,  whilst  vast 
quantities  remained  beneath,  and  have  been  exposed  at  the  present 
surface  through  the  removal  of  the  upper  portions. 

The  prevailing  metamorphic  rocks  in  this  area,  he  remarks, 
consist  of  schists  and  slates,  which  chemically  r.inge  from  the  most 

•  "The  Interior  Gold  Region  of  Western  Australia  (Ap|>endiii  IV.).  Repori  Depart- 
menl  of  Mines  (or  the  year  1S94. 

t  '  Report  of  the  Department  of  Mines,'  1895. 

t  Tbis  rock  comaJns  in  a  felsitic  matrix  (usually  01  a  dark  colour),  individual  crystals 
of  felspar,  mica  or  hornblende,  whence  it  is  known  as  felspar- porphyry,  mica- porphyry, 
or  hontblende-porphyry.  The  matrix  is  soinftim>a  vesicular,  or  amygdaloidal,  but 
properly  speaking  the  ctyslals  should  be  granulittc,  or  micro-granular,  i.e.  rounded. 
The  term  has  also  been  applied  to  altered  andesites,  typical  specimens  of  which  possess  ■ 
brown,  earthy  matrix. 

i  'Geological  Notes  on  the  Coolgardie  Gold-lield-,'  a  paper  read  before  the  Royal 
Colonial  Institute,  March  17,  1896. 
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acid  (containing  quartz)  to  the  most  basic "  (free  from  quartz), 
and  petrologically,  from  aniphibole  f  to  quartz-schist ;  they  are 
probably  of  Pre-Cambrian  age. 

The  absence  of  fossil  remains,  the  superficial  deposits  covering 
the  bed-rocks,  the  want  of  accurate  geological  information  about 
many  parts  of  the  colony  (much  of  which  remains  practically  un- 
explored), and  breaks  in  the  continuity  of  the  series,  even  when 
the  position  of  certain  "  formations "  can  be  determined  here  and 
there ;  all  tend  to  render  it  difficult  to  settle  the  relative  ages  of 
the  rocks  of  Western  Australia,  and  strew  tlie  path  of  the  wary, 
but  untiring  geologist,  with  difficulties. 

The  excellent  work  done  by  Mr,  Torrington  Blatchford, 
B.A.,  F.G.S.,  X  under  the  direction  of  Mr.  A.  Gibb  Maitland,  F.G.S., 
the  present  Government  Geologist,  throws  light,  however,  on  the 
structure  of  the  Coolgardie  district,  which  is  of  the  greatest 
ale  value  to  mining  men. 


The  Coolgardie  District. 

The  geology  of  Coolgardie  is  so  far  analt^ous  in  a  general  way 
to  that  of  Kalgoorlie,  although  so-  dissimilar  to  it  in  many  im- 
portant particulars,  that  a  survey  of  the  one  may  be  well  prefaced 
by  a  short  description  of  the  other  and  older  field,  and  the  following 
interesting  particulars  may  therefore  be  given,  from  Mr.  Blatchford's 
able  monograph. 

Accepting  Mr.  Woodward's  conclusion,  that  Western  Aus- 
tralia may  be  considered  as  traversed  by  six  main  belts,  possessing 
distinct  geological  characteristics,  the  principal  feature  that  strikes 
one  in  Mr,  Blatchford's  description  of  Coolgardie  (which  is  situated 
within  what  Mr.  Woodward  terms  the  second  gold  belt)  is  that, 
locally  speaking,  there  are  what  I  may  term  "belts  within  belts." 

Topography. 

Taking  the  township  of  Coolgardie  as  a  starting  point,  the 
country  presents   a  gradual  and   even   slope   for   a   considerable 

■  The  biMC  locks  roughly  speaking  contain  from  42  (o  65  per  cent,  of  silica.  The 
■dd  rocks  from  50  10  81  per  cent.  The  class  that  overlap  are  sometimes  grouped 
■part  as  "inlcrmediale."  \  Hornhlcnde. 

J  BullHin  Ab.  3  of  llie  Geological  Snrvc)-  of  Western  Australia,  '  The  Geology  of 
the  Coolgardie  Gold-Fieid,  1899,'  which  contains  an  exoellent  geolt^cal  rnap  of  the 
district. 
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distance  westward,  the  watershed  running  nearly  due  north  and 
south. 

The  eastern  slope  has  a  greater  incline  than  the  western,  and 
is  broken  by  ridges  of  diorite,  which  attain  a  height  of  100  to 
300  feet  above  the  level  of  the  surrounding  country.  The  direction 
of  these  ridges  is  irregular  ;  to  the  south  they  run  more  or  less  ngrth 
and  south,  whilst  further  north  their  direction  is  more  or  less  east 
and  west. 

The  country  between  consists  of  extensive  flats,  covered  with 
recent  superficial  deposits. 


Geiteral  Geological  Features, 

Underlying  the  red  alluvium,  the  western  slope  of  the  field  is 
traversed  by  an  extensive  mass  of  granite,  which  appears  to  extend 
approximately  from  the  Coolgardie-Menzies  and  Coolgardie-Norse- 
man  telegraph  lines,  some  three  or  four  miles  westward,  its  eastern 
boundary  coinciding  very  closely  with  the  watershed  above  de- 
scribed. 

This  granite  courses  north  20°  west  and  south  20°  east,  and 
has  broken  through  a  belt  of  much-altered,  contorted,  and  probably 
very  ancient  hornblende  and  talcose  schists,  dipping  at  angles 
varying  from  30°  to  60°  east, 

These  schists  are  intersected  by  dio rites  and  acid  eruptive  rocks, 
which  as  a  rule  follow  the  strike  of  the  schists,  and  are  exposed  in 
a  number  of  places  on  the  eastern  side  of  the  field,  east  of  the 
granite. 

A  marked  feature  of  the  more  basic  eruptives,  i.e.  the  diorite- 
dykes,  is  that  they  are  bordered  by  what  would  seem  at  surface 
to  be  narrow  bands,  frequently  mistaken  for  schist,  but  which 
prove  in  depth  to  be  amphibole  (hornblende)  rocks,  which  are  so 
weathered  near  the  surface  as  to  have  acquired  a  schistose  struc- 
ture. These  amphibolites  pass,  by  a  gradual  metasomatic  change, 
into  a  diorite  in  depth,  and  are  stated  to  be  of  an  entirely  different 
typefromthoseadjacent  to  the  granite,  from  which  they  vary  greatly 
both  in  texture  and  composition. 

The  acid  eruptives,  which  are  found  in  many  places  as  narrow 
dykes  of  porphyrite  or  felsite,  trending  towards  and  probably 
emanating  from  the  granite,  in  some  cases  graduate  imperceptibly 
from    coarse  granite  into  what  seems  to  be  quartzite ;    whilst 
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associated  with  them  are  belts  of  a  dark  compact  rock,  closely 
resembling  slate  both  in  texture  and  cleavage,  containing  iron  and 
arsenical  pyrites,  and  sometimes  carrying  as  much  as  8  dwt  of  gold 
per  ton,  combined  with  these  minerals, 

Mr.  Blatchford  adds :  Since  these  belts  of  slate-rock  are  usually 
found  associated  with  the  felsitic  dykes,  and  seeing  that  they  often 
lie  on  each  side  of  the  latter,  and  possess  a  similar  strike  and  dip, 
it  appears  more  than  probable  that  they  are  much-altered  schists 
or  hornblende  rocks 

Some  three  miles  west  of  the  Londonderry  mine,  another 
granite  intrusion  occurs,  which  differs  considerably  in  character  and 
appearance  from  the  one  previously  described,  and  whether  the  two 
are  connected  or  not  is  at  present  undecided. 


Recent  Superficial  Deposits. 

A  large  portion  of  the  Coolgardie  field  is  covered  by  recent 
superficial  deposits,  which  vary  in  depth  from  a  few  inches  up  to 
some  hundreds  of  feet  (as  proved  by  a  section  at  what  b  known  as 
RoUo's  bore-hole),  the  flats  and  slopes  west  of  the  township  being 
buried  beneath  this  blanket  of  alluvium. 

On  the  surface  it  consists  of  loose  sand  and  quartz  fragments, 
resulting  from  the  decomposition  of  the  granite,  "cement,"  and 
quartz  reefs,  mingled  with  ferruginous  matter  derived  from  the 
homblendic  rocks  and  ironstone  gravels  referred  to  later  on. 

The  quartz  particles  are  usually  of  small  but  various  sizes,  and 
are  more  or  less  rounded  by  the  action  of  the  wind,  whilst  at 
greater  depth,  where  they  lie  on  the  eroded  surface  of  the  granite, 
they  are  larger,  and  are  usually  sub-angular,  having  apparently- 
been  exposed  to  the  action  of  water,  in  what  seem  to  have  been 
ancient  subterranean  watercourses. 

Quartz  of  this  kind,  it  is  said,  rarely  if  ever  shows  any  free  gold. 
The  impure  oxide  of  iron,  of  which  a  large  part  of  the  alluvium 
consists,  is  in  a  fine  state  of  division  on  the  surface ;  but,  lower  down, 
lai^e  loose  rounded  pebbles  of  ironstone  are  met  with  in  patches, 
and  in  many  cases  show  free  gold  both  on  the  exterior  and  on 
freshly  broken  surfaces.  On  approaching  the  granite  on  which 
it  rests,  this  deposit  often  becomes  so  compact  as  to  necessitate 
the  use  of  explosives  to  break  it,  being  cemented  together  by  the 
iron  which  has  been   dissolved  out  and  re-deposited.      Under  a 
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lens,  the  finer  samples  show  the  presence  of  garnets  and  zircons, 
occurring  in  broken  and  partially  worn  fragments,  tc^ether  with 
magnetic  iron  commonly  known  as  "  black  sand." 

Ironstone  Gravel  Deposits. 

The  remnants  of  these  deposits  are  found  widely  scattered  over 
various  parts  of  Western  Australia,  overlying  the  granite  ;  they 
occur  exposed  in  semi-detached  patches  on  the  Coolgardie  field, 
following  a  north  and  south  line,  on  the  outskirts  of  the  alluvials, 
to  which  they  have  doubtless  contributed  much  of  the  iron  which 
imparts  to  the  latter  their  red  colour.  At  Coolgardie  and  else- 
where, however,  when  exposed  at  surface,  this  deposit  has  been 
largely  removed  by  denudation,  except  where  it  lies  in  hollows  in 
the  eroded  surface  of  the  bed-rock. 

Mr.  Blatchford  is  of  opinion  that  these  ironstone  gravels  have 
been  most  likely  derived  originally  from  older  beds  of  ferruginous 
clay,  long  since  altered  in  situ  (through  concretionary  action)  into 
ironstone  nodules,  that  have  been  changed  at  surface  into  the 
hard  ironstone  pebbles  which  are  so  frequently  met  with. 

In  places  these  pebbles  become  re-cemented  together  into  the 
lumps  of  impure  ironstone  which  are  often  found  outcropping  on 
high  ground,  and,  as  judged  by  a  sample  *  analysed  in  the  Govern- 
ment Laboratory,  the  composition  of  this  ironstone  appears  to 
be:  —  FcaOa  35'2S  per  cent,  FeO  O-JI  per  cent,  equivalent  to 
25*07  per  cent,  of  metallic  iron;  assays  made  of  the  "gravels" 
show  from  3  up  to  8  dwt.  of  gold  per  ton. 

They  lie  at  Coolgardie  at  a  tolerably  uniform  level  between 
1380  and  1460  feet  above  the  sea,  and  Mr.  Blatchford  thinks  that 
the  same  may  be  said  to  be  the  case  in  other  parts  of  the  central 
table-land.  Their  nodular  appearance  seems  to  be  due  merely  to 
surface  weathering,  and  he  regards  them  as  ferruginous  clay-stones, 
either  resulting  from  volcanic  dust,  or  a  detrital  deposit  derived 
from  more  or  less  basic  rock,  in  either  case  thrown  down  in  water. 

Whilst  minor  deposits  of  a  somewhat  similar  character  are  found 
at  lower  levels,  as  at  Coates'  siding  in  the  south-west  portion  of  the 
colony,  and  elsewhere,  which  evidently  originated  from  the  sur- 
rounding rocks,  Mr.  Blatchford  contends  that,  in  view  of  their  wide 
distribution,  and  the  facts  that  have  been  already  stated,  there 
seems  much  likelihood  that  these  singular  ironstone  gravels  are  of 
*  Fiom  the  RetributioD  G.  M.  Leasr. 
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marine  origin,  and  he  places  their  age  between  Jurassic  and  Miocene, 
or  Pliocene,  probably  the  latter,  judging  from  their  lithological 
character.  Underneath  the  ironstone  gravel,  lying  between  it  and 
the  granite,  patches  of  so-called  "cement"  are  sometimes  found, 
forming  a  substratum  which  attains  in  places  an  average  thickness 
of  about  3  feet,  and  although  whit  little  of  it  has  been  found  at 
Coolgardie  itself  has  not  thus  far  proved  payable,  very  similar 
"  cement  deposits  "  discovered  at  the  "  2S-mile,"  and  at  other  places 
in  the  surrounding  districts,  have  turned  out  extremely  rich. 


TIte  Underlying  Rocks. 

Granite. — The  intrusive  granite  mass,  on  the  western  side  of  the 
field,  appears  to  have  burst  through  the  older  schists  and  slates  on 
each  side  of  it,  contorting,  altering  and  twisting  them,  and  sends 
off-shoots  (in  the  form  of  narrow  dykes)  that  break  through  the 
diorite  and  schists  which  dip  away  from  its  eastern  flank. 

The  granites  of  the  western  area  differ,  however,  considerably 
locally,  in  composition  and  character, — in  places  consisting  of 
ordinary  coarse  granite,  whilst  in  others  the  quartz,  felspar  and 
mica  are  separate  from  one  another,  occurring  in  large  patches. 

The  mica  when  thus  found,  is  mined,  averaging  in  places 
5  to  6  inches,  whilst  it  occasionally  reaches  i2  by  is;  when 
grouped  in  crystals  with  their  longer  axes  parallel,  the  mineral 
presents  a  peculiar  scale-like  impression,  the  tint  varying  from 
pale  pink  to  pale  green,  although  it  is  occasionally  colourless. 
The  felspar,  which  likewise  occurs  in  large  bunches,  is  colourless, 
or  of  a  sea^reen  colour,  and  belongs  to  the  potash  variety.  The 
quartz  is  almost  colourless  and  glassy,  and  seems  subordinate  in 
quantity  to  the  other  two  minerals. 

On  the  Gnarlbine  Road,  about  two  miles  south-west  of  Cool- 
gardie, one  finds  a  different  type  of  granite  from  that  previously  de- 
scribed, viz.  a  holocrystalline  homblendic  variety,  a  section  of  which, 
obtained  from  a  bore-hole  at  a  depth  of  2370  feet,  shows  hornblende 
and  quartz  well  developed,  with  a  slightly-decomposed  monoclinic 
felspar  fairly  evenly  distributed  through  it. 

Muscovite  mica  forms,  in  this  class  of  granite,  the  most  im- 
portant accessory  mineral,  but  it  is  in  small  proportion  compared 
with  the  hornblende. 

The  acid  eruptive  dykes,  thrown  off  from  the  main  granite  mass 
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at  Coolgardie  eastward,  seldom  exceed  10  to  12  feet  in  width,  and, 
although  generally  following  the  strike  of  the  schists,  they  cross  the 
country  in  atl  directions ;  and  the  dark-coloured  bands  that 
accompany  them,  to  which  previous  reference  has  been  made, 
having  the  same  strike  and  dip  as  the  dyke,  are  evidently  the  re- 
sult of  contact  metamorphism,  produced  by  their  intrusion  through 
the  schists  or  diorite,  altering  it  up  to  a  distance  of  some  9  feet  on 
each  side. 

Mr,  Blatchford  ascribes  their  banded  structure  to  "  infiltration 
of  solutions  and  deposition  of  secondary  minerals,  especially  mag- 
nesite  and  iron  pyrites,"  which  give  them  their  schistose  appear- 
ance. Their  principal  mineral  constituents  are  felspars,  with  occa- 
sional crystals  of  quartz,  hornblende,  augite,*  and  numerous  grains 
of  magnesite  and  pyrites,  arranged  in  wavy  bands.  Although 
often  described  as  clay-slates,  this  is  obviously  a  misnomer,  infer- 
ring a  sedimentary  origin,  with  which,  for  reasons  already  explained, 
they  can  have  no  possible  connection ;  besides  which,  they  often 
occur  in  diorite  and  intersect  the  dykes  at  various  angles. 

The  granite  dykes  show  a  gradual  change  from  a  holocrystal- 
linef  granitic  rock,  through  a  diminution  in  the  size  of  the  crystals 
(although  the  composition  of  the  rock  remains  unaltered)  to  a  fel- 
sitic  ground-mass  with  a  few  lai^er  crystals  of  orthoclase  scattered 
through  it,  gradually  becoming  more  and  more  acid,  until  pure 
quartz  is  reached. 

In  some  cases  the  quartz  would  seem,  however,  to  have  segre- 
gated out  on  the  sides  of  the  dyke,  forming  what  appears  to  be  a 
contact  vein  of  quartz.  Such  quartz  reefs  are  almost  invariably 
barren,  although  the  branch-reefs  or  cross-leaders  often  yield  good 
prospects  of  gold. 

Schists  and  Amphibole  Rocks. 

To  the  east  of  the  granites  at  Coolgardie  a  series  of  rocks  occur, 
as  already  said,  which  appear  at  surface  to  be  hornblende  schists, 
and  have  the  same  strike  as  the  intrusive  diorites  and  granite. 

It  seems  highly  improbable,  however,  that  they  are  of  sedi- 
mentary origin,  as  in  depth  {below  the  200-feet  level)  they 
gradually  change  to  massive  diorite  or  hornblende. 

*  A  vBiiciy  of  pfroxeae,  Taiying  in  colour  Iroin  deep  green  lo  black,  to-called  from 
ofryq,  luslic. 

t  Distinctly  cryiUtline,  orienljtnes  exlremrly  coarw. 
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This  belt  is  subdivided  by  Mr.  Blatchford  into  two  divisi 
The  first  and  most  extensive,  which  lies  adjacent  to  the  granite, 
consists  of  homblendic  and  talcose  rocks,  which  possess,  when 
decomposition  has  not  been  carried  too  far,  a  more  or  less  perfect 
cleavage,  although,  when  much  altered,  the  cleavage  vanishes,  and 
the  rock  becomes  massive  and  more  homogeneous.  Most  likely, 
as  hornblende  has  a  tendency  to  decompose  into  either  serpentine 
or  talc,  the  one  kind  is  only  an  altered  form  of  the  other,  and  it 
seems  more  than  probable  that  they  represent  the  weathered 
remains  of  some  ancient  hornblende-rock. 

The  second  class,  though  resembling  schists,  change  so  quickly 
to  massive  hornblende,  that  there  is  little  doubt  that  its  apparent 
schistosity  is  due  to  surface  weathering,  and  Mr.  Blatchford,  in  fact, 
regards  these  amphibole  rocks  as  merely  altered  dtorite,  In  which 
hornblende  preponderates. 

Possibly  the  one  may  be  a  more  altered  variety  of  the  other,  and 
the  differences  that  exist  between  the  two  may  be  accounted  for  by 
contact  with  the  mass  of  granite  farther  west. 

The  strike  of  these  rocks  runs  from  north  20°  west  and  south 
20°  east  to  north  20°  east  and  south  20°  west,  and  their  dip  varies 
from  30"  to  60°  to  the  east.  In  places,  however,  owing  to  the 
intrusion  of  diorite  dykes,  they  dip  westerly, 

Diorites  and  Audesites. 

These  classes  of  rock  are  met  with  on  the  Coolgardie  field  tn 
the  form  of  bosses  and  dykes,  originating  from  the  larger  masses, 
breaking  through  the  schists,  and  in  some  cases  through  the  granite  ; 
and,  as  they  are  sometimes  found  intersecting  one  another,  are 
evidently  not  all  of  the  same  age,  the  andesites  •  being  clearly 
the  most  recent.  Microscopic  examination  shows  that  they  con- 
sist of  hornblende  and  pl^ioclase  felspar,  possessing  frequently  a 
coarse  porphyritic  structure  in  the  centre  of  the  main  masses,  whilst 
on  the  outside,  or  when  followed  down,  they  are  oftentimes  so  fine 
that  the  individual  minerals  cannot  be  distinguished,  even  under  a 
powerful  lens. 

*  Ad  acid  igneous  rock  of  Ihe  volcaaic  doss,  belonging  to  ihe  tracbjtc  group, 
conlsiniDg  wnidinc  or  oligoclase  felspar,  combiiieil  with  hornblende,  s.ugite  and  mica, 
or  eren  quirU  in  subordinale  amount ;  called  trachyte  whca  possessing  a  lough  grannlar 
Btractnre.  Some  andesites  approach  basalt,  the  crystals  of  oligoclase  or  labradorite, 
with  augite  or  hornblende,  being  set  in  a  lithoidal  or  glassy  ground  mass. 
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Gold  Deposits. 

The  gold  obtained  at  Coolgardie  has  been  derived  from  three 
principal  sources,  alluvial  deposits,  lode  formations,  and  quartz 
reefs;  and  towards  the  end  of  December  1895  there  were  some 
6000  persons  on  the  fields,  engaged  directly  or  indirectly  in  mining. 

Alluvial  Workings  at  Coolgardie. 

The  gold  obtained  from  the  first  class  of  deposits  above 
referred  to  has  mostly  been  got  from  the  loose,  dry  surface- 
alluvials,  by  the  method  peculiar  to  Australia,  known  as  "  dry- 
blowing."  For  its  success  it  requires  most  careful  manipulation, 
when  the  gold  is  finely  divided,  but  in  experienced  hands,  it  gives 
fairly  good  results.  That  a  good  deal  of  gold  is  lost,  however,  is 
proved  by  the  refuse  heaps  of  the  drj'-blower,  which  average  in 
many  places  10  dwt  to  the  ton  by  assay. 

In  the  absence  of  water,  which  prevents  the  employment  of  the 
cradle,  torn  or  sluice-box  employed  by  the  placer  miner  in  other 
countries,  "dry-blowing"  is  designed  to  utilise  the  agency  of  wind 
in  place  of  water,  and,  in  the  skilful  hands  of  the  "  prospector," 
performs  the  function  of  sizing,  classifying  and  thereby  concentrat- 
ing the  material  a  step  further  than  nature  has  already  done. 

The  perfect  dryness  of  the  dirt  and  the  heat  imparted  to  the 
iron  pan  by  a  tropical  sun,  are  factors  which  are  indispensable  for 
its  success,  giving  a  mobility  to  the  material,  which  Mr.  T.  A. 
Rickard  has  aptly  compared  to  "  the  behaviour  of  a  charge  in  the 
roasting  furnace,  in  which  the  hot  air  cushions  each  particle  so  as- 
to  give  the  mass  an  apparent  fiuidity." 

He  also  points  out  in  the  paper  referred  to,*  that  much  depends 
on  the  strength  and  uniformity  of  the  wind.  Fortunately  for  the 
dry-blower,  there  is  generally  a  light  breeze,  except  during  sultry- 
days  in  the  height  of  summer  and  on  the  cloudy  mornings  in  the 
wet  season, — both  of  which  times  of  year  are  unfavourable  for 
operations  of  the  kind. 

The  deposits  worked  in  this  manner  are  usually  "  patchy,"  and 
frequently  lie  at  the  head  of  shallow  gullies,  which  start  from  ridges 
where  a  quartz  vein  outcrops,  below  which  gold  has  been  picked 

*  'The  .MIuvUI  Deposits  of  Westem  Austntlia,'  by  T.  A.  Rickard,  A.R.S.M., 
Tram.  Ant.  Inst,  of  Mining  Eaginetrs,  vol.  xxviii. 
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up  on  surface;  and,  as  Mr.  Rickard  remarks,  "the  distribution  of 
gold  in  these  deposits  reminds  one  of  its  position  on  a  vanning 
shovel.  It  may  be  traced  up  to  the  outcrop  which  yielded  it,  or  it 
may  be  scattered  in  the  sand  for  half  a  mile ;  but  the  rich  and  only 
workable  part  of  the  deposit  will  ordinarily  be  found  at  a  distance 
of  30  or  40  feet  from  the  reef. 

Doubtless,  however,  as  explained  in  the  last  chapter,  in  certain 
instances  the  gold  is  derived  from  mere  stringers  and  auriferous 
deposits  other  than  quartz  veins,  and  therefore  the  existence  of  rich 
alluvials  does  not  always  lead  to  the  discovery  of  what  can  be 
strictly  termed  "a  reef,"  in  the  immediate  neighbourhood  of 
deposits  of  the  kind. 

First  the  alluvial  is  well  shaken  up,  so  as  to  bring  the  large 
lumps  to  the  surface,  which  the-"  prospector  "  examines  and  .<:kim5 
off ;  then  in  its  most  primitive  form,  "  dry-biowing "  consists  in 
dropping  the  "dirt "from  a  height,  from  one  "dish"  to  another, 
the  dust  and  finer  particles  being  blown  away  in  falling  4  or  5  feet 
through  the  air,  whilst  the  gold  and  coarser  gravel  are  caught  in  a 
second  "  pan  "  set  on  the  ground  at  the  miner's  feet,  who  stands  so 
as  to  face  at  right  angles  to  the  wind,  placing  the  lower  "  pan  "  on 
a  piece  of  coarse  canvas  to  leeward,  so  as  to  catch  any  fine  gold 
blown  to  one  side  over  the  edge  of  the  "  pan." 

This  process  is  sometimes  repeated  several  times,  although  once 
may  suffice,  shaking  up  the  coarse  lumps  in  the  full  pan  when 
taken  up  from  the  ground,  so  as  to  bring  them  to  the  surface  again, 
picking  them  out,  and  pouring  the  residue  back  into  the  empty  pan 
as  before. 

The  next  stage  is  to  toss  the  dirt  up  and  down  in  the  pan, 
holding  the  pan  in  a  slanting  position,  away  from  the  operator,  and 
jerking  it  back,  so  as  to  throw  the  dirt  from  the  front  to  the  back 
of  the  dish,  thus  winnowing  it  still  further.  Then  once  more 
shaking  the  pan.  with  a  vanning  movement,  he  brings  the  lumps  to 
the  top,  and  skims  them  off. 

When  thus  reduced  to  a  small  quantity  of  "fines,"  the  aurifer- 
ous residue  is  still  further  shaken  down,  like  the  contents  of  a  dish 
when  panning  it  in  water,  and  with  the  pan  tilted  forward,  the 
miner  raises  it  to  his  mouth,  and  completes  the  operation  by 
blowing  off  the  remaining  light  sand. 

After  this  process  of  concentration  is  finished,  the  gold  is  seen 
fringing  the  edge  of  the  iron-sand,  any  nuggets,  or  pieces  coarse 
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enough  to  "speck,"  are  picked  out,  and  the  "fine  gold"  is  either 
washed  out  with  water  in  the  usual  way,  or  collected  with  the 
moistened  point  of  the  miner's  thumb. 


Fig,  s.-'"  Dky- Blowing."    (By  counesy  of  T.  A.  Rickard.} 

This  slow  and  laborious  process  is  frequently  superseded  by  a 
"  machine  "  for  sizing  the  material,  operated  on  the  same  general 
principles,  which,  in  its  simplest  form,  is  known  as  a  "  shaker " 
(Fig.  5),  owing  to  the  shaking  motion  imparted  to  it. 
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It  consists  of  a  couple  of  slanting  frames  (covered  with  screens 
of  different  sizes — generally  twelve  or  eighteen  mesh — and  pro- 
vided with  cross  riffles)  fixed  on  legs  in  such  a  way  as  to  allow  the 
miner  to  shake  the  material  backwards  and  forwards.     The  dirt. 


Fig.  6. — Dry-Blowing  Machine  (Lokden's). 

which  is  fed  on  to  the  head  of  the  frame  through  a  hopper  fitted 
with  a  sheet-iron  bottom  punched  with  i-inch  holes,  passes  down 
the  inclined  screens,  the  finer  particles  falling  through,  the  coarser 
ones  being  discharged   over   the   end,  and  the  gold  grains  and 


Fic.  7,— Wood's  Dry  Plackr-Miher, 

nuggets  accumulating  behind  the  riffles.  The  "fines"  collected 
underneath  the  frame  are  subsequently  treated  by  hand,  by  the 
method  first  descrilwd.  Such  a  machine,  measuring  4  feet  by 
2  feet,  will  put  through  about  5  tons  of  loose  dirt  in  seven  houra 
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A  more  elaborate  contrivance  to  fulfil  the  same  object,  illus- 
trated in  Mr.  Rickard's  paper,  consists  of  a  series  of  flat  trays,  with 
sieve  bottoms,  hung  on  a  tripod  ;  several  other  machines  which  he 
describes  and  illustrates  (Figs.  6,  8  and  9)  are  provided  with  bellows, 
to  produce  an  artificial  air-current,  in  order  to  blow  away  the  finer 
worthless  material. 

One  of  the  most  effective  of  these  contrivances  I  believe  is 
"  Wood's  dry  placer- miner,"  manufactured  by  Messrs.  Fraser  and 
Chalmers,  which  is  shown  in  side  elevation  and  section  in  Fig.  7 ; 
whilst  a  smaller  size  prospecting-machine  is  illustrated  in  Fig.  8. 


Fig.  8.— Dry- Blowing  Machine. 

Usually  in  such  machines  the  bellows  and  sieves  are  worked 
in  synchronism,  being  coupled  together,  and  driven  by  belting,  by 
means  of  a  fly-wheel  turned  by  hand.  A  machine  of  this  sort, 
which   weighs,    according    to    Mr.    Rickard,     124    lb.,   and   puts 

*  A  large-size  macbine  reqiuces  two  horse-power  to  operate  il,  and  is  mounted  on  an  . 
oak  frame,  wbicb  coven  a  ground  space  of  5  feel  hj  13  feet  g  inches,  weighs  2600  lb., 
and  il  slated  to  have  a  capacity  of  lo  cubic  yards  of  dry  screened  gravel  per  hour.  The 
gravel  riffle  board  has  a  shaking  molion  of  150  stiolies  per  minute,  which  helps  lo  settle 
the  gold  to  the  bottom,  and  the  blast  of  the  bellows  can  be  regulated  so  as  to  make  il 
stronger  or  weaker.  The  prospecting-machine  has  a  length  of  4  feet,  width  of  z  (eet, 
and  height  of  3  feel  10  inches;  weighs  300  lb.,  and  iis  capacity  is  givtii  as  1500  to 
2000  lb.  per  hour ;  the  gravel  is  fed  to  the  machioe  from  a  disintegialing-box,  iitted  with 
terolriDg  sleel  blades. 

D   2 
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through  10  to  14  tons  a  day,  costs  in  Freemantle  about  16/.,  and 
can  be  carried  on  poles  by  a  pair  of  men, 

A  small  machine,  known  as  the  Pneumatic  Prospector,  made  by 
P.  P.  Cuplin,  of  West  Bend,  Iowa,  might  be  worth  the  attention 
of  "  prospectors  "  for  testing  purposes.  It  measures  6  by  11  by  14 
inches,  and  only  weighs  10  lb. ;  it  seems  extremely  portable,  and 
is  said  to  give  a  clean  prospect,  equal  to  careful  panning. 


F[o.  9.— Drv-B LOWERS  AT  Work. 

A  larger  machine,  which  weighs  160  lb.,  it  is  claimed  is  able  tO' 
handle  20  to  30  cubic  yards  of  gravel  per  day,  and  to  save  fine  and 
coarse  gold  and  nuggets  of  any  size,  free  from  black  sand. 

Lode  Formations. 

These  usually  consist  of  lenticular  patches,  of  much-altered 
schist  of  a  ferruginous  character,  traversed  by  small  quartz  leaders,, 
which  form  a  "  stockwerk  "  in  the  schistose  rocks,  and  according 
to  Mr,  Blatchford,  so  far  as  is  known  at  present,  they  invariablj^ 
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pinch  out  when  they  encounter  hard  country.  Sometimes,  however, 
the  quartz  leaders  unite,  and  form  a  quartz  reef,  which,  although  it 
may  continue  in  depth  and  carry  pyrites  below  water-level,  becomes 
as  a  rule  low-grade. 

Mr.  C.  S.  Goczel  regards  reefs  of  this  class  as  having  been  mineral- 
ised by  deep-seated  solfatara  action,  secreting  the  mineral  in 
solution,  along  the  contact  zone  of  the  granite  with  the  diorite  and 
diorite-schists. 

The  majority  of  these  "  stockwerks "  seem  to  be  closely  asso- 
ciated with  and  to  follow  the  course  of  the  acid  dykes,  which  were 
the  last  to  force  their  way  through  to  the  surface. 

Seldom  possessing  well-defined  walls,  such  deposits  are  scarcely 
distinguishable  from  the  country  rock,  except  by  assays  showing 
the  presence  of  gold,  and  by  the  quartz  stringers  by  which  they 
are  sometimes  crossed  and  re-crossed.  When  these  latter  are 
stained  by  iron  a  dark  colour,  Mr.  Blatchford  remarks  that  they 
are  usually  more  or  less  auriferous ;  but  although  they  have  yielded 
considerable  gold,  reefs  of  this  description  are  so  small  and  irr^ular 
that  the  profit  is  eaten  up  in  development  and  treatment  charges, 
and  when  of  workable  width  they  are  invariably  low-grade. 


Quartz  Reefs. 

The  quartz  reefs,  which  are  mostly  found  in  the  schists,  usually 
course  in  a  general  north  and  south  direction  ;  possess  a  dip  of  60° 
to  80"  to  the  east ;  and  are  of  two  distinct  varieties :  one  closely 
resembles  the  "  lode  formations,"  forming  large  lenticular  patches, 
which  are  often  exposed  at  the  surface  as  "  quartz-blows  "  ;  whilst 
the  other  is  represented  by  quartz  veins  of  the  ordinary  type. 

Mr.  Blatchford  remarks  that  it  remains  to  be  proved  whether  the 
former  class  will  continue  in  depth  ;  but  in  one  notable  instance,  at 
Bayley's  United  mine,  they  certainly  re-make,  both  in  a  vertical  and 
horizontal  direction.  For,  although  they  show  a  tendency  to  taper 
out,  horizontally  as  well  as  vertically,  and  become  apparently  lost, 
on  cross-cutting,  they  are  often  found  to  re-make  ;  a  new  lens-shaped 
splice  coming  in  as  rapidly  as  the  old  one  disappeared,  whether  on 
the  same  level  or  at  different  vertical  horizons. 

In  depth,  the  quartz  reefs  in  this  district  usually  carry  iron 
and  arsenical  pyrites,  and  the  gold  in  the  upper  levels  is  thought  to 
have  been  derived  from  the  oxidation  of  these  minerals.     The  gold 
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is,  however,  unfortunately  "  patchy,"  although,  as  was  the  case  at 
Bayley's,  the  stone  is  sometimes  entremely  rick  in  places,  quite  a 
limited  area  yielding  it  may  be  several  thousand  ounces. 

Minerals  Associated  with  tlu  Gold. 

The  ore-bodies  at  Coolgardie  in  some  instances  are  characterised 
by  the  presence  of  blue  and  green  carbonates  and  sulphide  of  copper ; 
in  others,  carry  iron  pyrites  and  mispickel.  In  Bayley's  and  other 
mines,  the  mispickel*  (arsenical  pyrites)  is  the  richest  of  these 
minerals,  showing  gold  both  free  and  combined. 

The  iron  pyrites,  which  mostly  occurs  below  water-level,  is 
found  both  as  FeS^  and  as  pyrrhotine  f  (magnetic  pyrites)  Fe^Sj, 
at  Sherlaw's  Perseverance,  and  other  mines. 

In  the  Black  Prince,  the  Lombard,  the  Sydenham,  and  other 
properties,  copper  is  found  above  water  level,  both  as  azurite  (blue 
carbonate)  and  malachite  (green  carbonate),  and  occasionally  as 
cuprite,  Cuj  O  (red  oxide)  and  native  copper.  The  last-named  is 
present  in  one  case  (in  G.  M.  Lease  20)  in  sufficient  quantity,  it 
is  said,  to  seriously  interfere  with  amalgamation. 

Galena,  PbS  (sulphide  of  lead),  is  sometimes  met  with,  notably 
at  the  Union  Jack,  scattered  irregularly  in  small  cubes  through 
the  quartz  ;  it  is  considered  on  this  field,  as  at  Charters  Towers 
(Queensland)  and  elsewhere,  as  an  indication  of  high-grade  ore.{ 
Free  gold  which  is  sometimes  visible  in  the  galena  crystals,  shows 
the  intimate  connection  that  exists  between  them,  Vanadiaite 
(chloro-vanadate  of  lead)  has  been  detected  with  gold  at  Coolgardie, 
and  zinc-blende  (which  is  sometimes  present  in  small  quantities) 
is  stated  to  be  indicative  in  this  locality  of  rich  ore.J  Molybdenite, 
MoSa  (sulphide  of  molybdenum),  which  may  be  mistaken  for 
galena,  is  also  occasionally  found,  as,  for  example,  in  the  amphibole 
rock  in  the  Ensign  Lease. 

*  An  oithorhombic  sQvei-irliite  to  steel-grey  mineral  with  ■  nielallic  lustre. 

t  A  btoDie-red  mineral. 

X  Mr.  T.  A.  Rickord,  in  a  paperread  before  ihc  Initilution  of  Mioingand  Metalliugy, 
'The  Minerals  Which  Accompany  Gold,'  Tram.  1898, questioni  Ihe  "indicative  value" 
of  what  ia  termed  the  "  parageoesis  of  minerals,"  in  diffiient  districts  ;  but  if  the  field  of 
observation  ii  narrowed  down  to  any  one  particular  locality  in  which  the  general  con- 
ditions are  the  same,  the  presence  of  certain  minerals  may,  I  Ihink,  sometimes  be  looked 
upon  by  the  miner  as  a  favourable  indication,  jn^t  as  certain  varieties  of  qaariz  are 
considered  a  more  "kindly  "  matriji  ihan  others. 

§  '  The  Mineral  Wealth  of  Western  Australia,'  p.  28.  Builftin  No.  4,  Geolt^cal 
Survey,  by  A.  Gibb  Maitland,  F.G.S. 
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Scheelite  *  (tungstate  of  calcium)  is  found  in  bunches  in  some 
of  the  reefs  at  Coolgardie  and  Southern  Cross,  but  in  both  places  is 
said  to  be  characteristic  of  poor  ore. 

Cyanite  (silicate  of  aluminium)  and  lepidolite  (fluo-silicate  of 
aluminium,  potassium  and  lithium)  have  been  found  in  the  London- 
derry mine.  Of  the  non-metallic  minerals,  carbonate  and  sulphate 
of  lime,  and  carbonate  of  magnesium,  are  said  to  be  the  most 
common ;  their  secondary  products,  calcite  and  dolomite,  are  of 
frequent  occurrence,  filling  crevices  and  cavities  left  by  the  removal 
of  the  former  minerals. 

The  dolomite,  which  varies  from  pure  magnesite  to  impure 
calcite,  is  sometimes  crystalline,  sometimes  amorphous,  and  is 
liable  in  the  one  case  to  be  mistaken  for  felspar,  in  the  other  for 
carbonate  of  lime. 

The  carbonates  of  magnesium  and  lime  are  frequently  found 
in  the  amphibole  rocks,  taking  the  place  of  felspar  in  places  where 
it  is  decomposed  and  removed  ;  in  others  they  seem  to  have  been 
introduced  by  aqueous  solutions  penetrating  the  crevices  in  the 
rock. 

In  Sherlaw's  mine  an  admixture  of  crystalline  gypsum  and 
calcite  may  be  seen  filling  what  was  once  a  cross-fissure.  Bayley's 
United,  up  to  the  end  of  1898  is  stated  to  have  produced  some 
18,670  tons  of  ore,  which  yielded  53,249  oz.  of  gold,  or  at  the  rate 
of  2  oz.  17  dwt.  per  ton,  the  gold  having  an  average  value  of 
3^  17J.  lod.  per  oz.  The  output  since  has  been  as  follows : — 1899, 
ore  crushed  13,685  tons,  yielding  19,602  oz.  Tailings  and  slimes 
treated  13,030 tons, gold  recovered  2905  oz. ;  total  22,507  oz.  1900, 
ore  crushed  28,227  ^oas,  yielding  16,923  oz. ;  tailings  and  slimes 
treated  31,733  tons,  gold  recovered  5976  oz. ;  concentrates  47  tons 
yielding  246  oz. ;  total  23,145  oz.  1901  (January  to  June),  ore 
crushed  5485  tons  yielding  2503  oz. ;  tailings  and  slimes  treated 
6772  tons,  gold  recovered  1073  oz. ;  alluvial  plant  1077  tons, 
returned  291  oz. ;  total  3867  oz. 

An  interesting  description  of  the  various  mines  on  the  Cool- 
gardie Field  is  given  by  Mr.  Blatchford,  in  Bulletin  No.  3  of  the 
Geoli^cal  Survey,  to  which  I  am  largely  indebted  for  these  notes. 

*  StiUotanUlite,  taDtalo-niobiale  of  anlimoDy,  Sb,0,  (TaNb),0„  a  j'ellow  Co  brown 
re^oni  mineral,  which  U  fonnd  associated  with  tin-ore  at  Greenbushes,  U  apt  to  be 
mistaken  for  Kiite&tx.—Ptvgrtst  Seport,  Western  Australia  Geological  Survey,  l399, 
P-54- 
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The  returns  from  the  Coolgardie  Gold-Field  (Coolgardie  and 
Kunanalling  Districts)  for  four  years  are  shown  in  the  following 
table  •  r— 


1S9S  52'7i        1,15896       107,6*3-39        98,46i'i7   I     99,67a'84 

1899  .    6,476-40        '-7I3S4       "55-«>3i4      "3.06695       131,356-89 

1900  1,6*4-76       320-06     133,087-75    100,468-19  I  ■03,4l3-Ot 

1901  1,^5965        1.73976    ,    121,675-91        81,754-61   '     83,754-03 

'  The  total  amounts  entered  for  export  and  received  at  the  Royal 
Mint  (Perth  Branch)  are  given  as:  1898,  127,227-06  oz. ;  1899, 
I4i,i70'o8  oz. ;  1900,119,781-4602.;  1901,88,600-3402, 

The  dividends  paid  by  Coolgardie  Companies  (having  offices  in 
the  United  Kingdom)  are  given  as  follows  ; — 


Bnrbuik'*  Binhdajf  Gift   ....  lo  13}  30 

Bayley's  United ,.  ,         ..  20  J  a 

The  Piemiei 30  f               ..  16  |  3 

L«d)' Loch  Gold  Mints ^\  \  . 

*  Compiled  from  ib«  '  Uiniog  Statistics,'  Department  of  Mines,  Perth. 
f  Paid  10  per  cent  id  1896. 
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CHAPTER  in. 

ALLUVIALS,  CEMENT   DEPOSITS,  AND  SURFACE   GEOLOGY   OF  THE 
"25-MILE,"   KANOWNA,"   AND   KALGOORLIE   DISTRICTS. 

In  the  last  chapter  I  gave  a  brief  sketch  of  the  ge^raphical 
structure  of  the  central  plateau  of  Western  Australia,  and  of  the 
local  features  of  Coolgardie.  I  now  propose  to  describe  the  inter- 
esting and  peculiar  "cement  deposits"  which  are  met  with  in  the 
Kunanalling  Division  of  the  Coolgardie  Gold-field  and  at  Kanowna, 
and  to  deal  with  the  topographical  features  of  Kalgoorlie. 

Just  in  the  same  way  that  California  and  Victoria  owe  their 
early  prosperity  and  rapid  industrial  development  to  the  discovery 
of  alluvial  gold,  so  Western  Australia  is  indirectly  indebted  in  a 
great  measure  for  its  present  thriving  condition  to  the  alluvial 
diggers,  who,  acting  as  pioneers  of  the  mining  industry,  paved  the 
way  for  the  quartz-miner  and  capitalist,  who  invariably  follow  in 
their  wake.  As  Mr.  T.  A.  Rickardt  points  out,  however,  the 
discovery  of  the  rich  telluride  lodes  at  Hannan's,  and  the  develop- 
ment of  "this  immense  desert  country,  dotted  over  with  the  un- 
happy failures  which  were  based  on  small  pockets  of  specimen 
gold-quartz,  did  not  happen  without  a  sad  expenditure  of  money 
and  human  life." 

The  peculiar  character  of  the  gold  "rushes"  is,  in  fact,  in  no 
small  degree  traceable  to  the  nature  of  the  gold  occurrence,  "  since 
gold  is  found  lying  on  the  very  top  of  the  ground,  and  the  first 
surface  mining  yields  extraordinary  profits  "  to  the  individual  dis- 
coverer.    Hundreds  of  ounces  have  thus  been  picked  up  by  the 

*  The  plans  and  sectioos  [Vigt.  to  tn  IJ)  aie  repiodnced  Trom  Mr.  Rickud's  paper 
'  The  Alluvial  Deposits  of  Western  Australia,'  with  the  kind  pennission  of  the  AmericaH 
Institute  of  Mining  Engineers. 

The  sections.  Figs.  16,  1 7  and  18,  are  leprodaced  from  Mr.  Torringlon  BUchfoid's 
monograph  '  The  Geologj  of  the  Norih  Lead  Kanowna '  in  the '  Annual  Progress  Report 
of  (he  Geological  Survey  of  Weslem  Australia,'  1899. 

+  •  The  Alluvial  Deposits  of  \^'eBtera  Australia,'  by  T.  A.  Rickaid,  A.R.S.M., 
Trans,  Am.  /nsl.  of  Mining  Ensineers,  vol.  xxviii. 


„  Google 


42  Gold  Mining  and  Milling 

first-comers,  '*  specking  "  for  gold,  as  it  is  called  ;  the  sandy  patches 
of  alluvial,  where  discoveries  of  this  kind  are  generally  made,  being 
afterwards  turned  over  and  treated  by  the  "  dry  blowers,"  who  have 
trenched  and  pitted  the  surface  in  all  directions. 

On  Sundays  and  holidays,  when  regular  employment  is  at  a 
standstill,  miners  otherwise  engaged  during  the  week  may  be  often 
seen  out  "specking,"  employing  their  leisure  in  quartering  a  likely 
spot,  with  their  hands  in  their  pockets  and  eyes  bent  on  the  ground, 
like  men  lost  in  deep  thought ;  but  it  is  devoted  to  one  subject,  the 
endeavour  to  get  on  to  the  trail  of  a  nug^ety  bit  of  gold.  Not  long 
since  two  miners  in  course  of  work  unearthed  a  nugget  weighing 
123  oz.,  and  another  of  10  oz.  at  Kurnalpi ;  and  a  correspondent  of 
The  Financial  Times  wrote,*  "  There  is  every  appearance  of  there 
b^ng  another  alluvial  rush  a  mile  from  Kurnalpi ;  since  the 
finding  of  the  37  and  33  oz.  'slugs'  previously  reported,  men  have 
been  unearthing  three  or  four  slugs  each  day,  the  slugs  averaging 
5  to  6  oz.  each." 

The  fragmentary  overburden  of  detritus,  of  which  these  "super- 
ficial alluvials "  consist  (termed  by  the  Australian  miner  "  made 
ground,"  to  distinguish  it  from  the  underlying  bed  rock  on  which 
it  frequently  rests),  covers  at  times  accumulations  of  consolidated 
auriferous  material,  called  "cement"  {Fig.  10)  which,  as  Mr.  Rickard 
observes,  are  more  extensive  and,  quite  apart  from  their  greater 
economic  value,  are  also  of  superior  interest,  because  of  their  better 
defined  geological  features." 

TAe  Cement  Deposits. 
Two  of  the  most  typical  examples  of  deep  alluvial  of  this  class 
occur  at  Kunanalling  (the  25  mile),  and  at  Kanowna. 

The  "  2$-mile." 

In  this  locality,  a  very  interesting  deposit  of  cement  is  found 
at  Kintore  about  6  miles  north-north-west  of  the  "  2S-mile  "  (Kuna- 
nalling), which  is  about  20  miles  north  of  Coolgardie,  on  the  road 
to  Menzies.  It  was  one  of  the  earliest  worked,  and  Mr.  Rickard, 
describing  these  deposits,  states  that :  A  vertical  section  shows  a 
thin  layer  of  sand  at  the  surface,  beneath  which  there  is  a  bed  of 
kaolin  2  inches  to  l  foot  thick,  overlying  from  ij  inches  to  2  feet 
•  7*f  Financial  Times  letler,  Feb.  i,  1901. 
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of  sand-rock,  that  covers  the  golden  "  cement "  (the  averagp  thick- 
ness of  which  is  about  2\  feet),  whilst  the  bed  rock  below  is  a 
rotten  granite  with  an  irregular  surface,  decomposed  to  a  consider- 
able depth. 

The  several  layers  composing  the  deposit  (which  vary  in  coarse- 
ness) are  separated  by  seams  of  "  pipe-clay,"  resulting,  like  the 
kaolin,  from  the  decomposition  of  the  felspar  in  the  granite. 


PT;^  l}uaiU  [■.■.■  I  DtorlU 

^3  C«m«ni        £-3   l*"  ^B  »"^"' 

Fig.  la— Vein  capped  by  Alluvium. 

The  "  sand-rock  "  is  "  a  coarse  incompletely-consolidated  sand- 
stone," or  grit,  mainly  consisting  of  imperfectly-cemented  particles 
of  iron-stained  quartz. 

The  "cement,"  which  attains  a  maximum  thickness  of  S  feet, 
looks  at  a  distance  like  a  coarse  sandstone,  exhibits  a  rough  joint 
structure,  and  possesses  a  bluish-grey  tint.due  to  the  play  of  light 
on  the  fragments  of  the  quartz,  but  differs  in  various  ways  from 
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South  African  "  banket,"  to  which  some  have  compared  it ;  for 
example,  it  may  be  more  properly  called  an  agglomerate  *  than  a 
conglomerate,  and  where  fractures  occur  they  do  not  break  across 
the  quartz  pebbles,  whilst  these  latter  are  bound  together  by  com- 
paratively soft  clay. 

The  deposit  (Figs,   ii  and  12),  which  is  traceable  for  about 
\}(  miles,  though  there  are  frequent  breaks  in  it,  starts  at  the  east 


. — Cehent  Deposit,  Kcntore. 


end  of  a  shallow  depression  or  basin,  where  the  channel  is  some 
15  feet  wide,  but  it  subsequently  enlarges  to  about  100  feet  in  width 
and  occasionally  bulges  out  to  250  feet,  the  bed-rock  rising  in  a 
westerly  direction,  with  a  grade  of  about  15  feet  per  icxxi,  for  a 
distance  of  some  3500  feet. 

Along  the  edges  or  rim,  the  deposit  thins  out  and  gets  poorer, 
giving  place  to  2  or  3  feet  of  iron-stone  gravel,  carrying  2  to  4  dwt, 
of  gold  per  ton,  whilst  the  richest  parts  appear  to  be  in  the  centre 


*  Mi.  Goczel  calls  it  " 


.  quacU  breccia,"  sp.  c. 
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of  the  gutter,  and  in  lateral  embranchments  from  the  main  body  of 
the  deposit. 

The  kaolin  has  become  hardened  and  dried,  and  its  true  char- 
acter, Mr.  Rickard  points  out,  is  obscured  by  the  down-filtering  of 
red  sand  through  cracks  reaching  to  the  soil  overhead, 

The  highest  point  along  the  major  axis  of  the  "  lead  "  is  a  low 


^^     PIP.CU7 

^3    Bond  Rock            ESI    D.brt.         =    PlixOU,           1^3   »«. 

(S3  o™.- 

^~\    B«u-.                              ES  c™«t                 E2I     O"-"- 

Fig.  1 

12.— Cement  Deposit  (StcrioNS  in  Open  Cut). 

ridge  that  separates  the  workings  of  the  Sugar  Loaf  mine  from 
the  alluvial  ground,  which  commences  on  the  Great  Dyke  Lease  at 
a  point  530  feet  farther  east,  and  3  feet  lower  than  the  crest  of  this 
"  divide  " ;  whilst  the  Sugar  Loaf  reefs  cross  the  country  462  feet  to 
the  west,  and  about  15  feet  (vertical)  below  the  dividing  ridge 

If,  however,  as  Mr.  Rickard  supposes,  the  "  reefs "  referred  to 
once  outcropped  at  a  higher  level  than  the  ridge,  which  now  sepa- 
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rates  them  from  the  gutter  containing  the  "cement,"  it  is  most 
probable  that  the  gold  was  originally  derived  from  them  ;  and  in 
support  of  this  view  he  instances  the  following  facts  :  That  the 
veins  traverse  granite  which  has  been  kaoHnised  to  130  feet  from 
surface.  They  consist  of  white  quartz,  and  are  narrow  (4  to 
12  inches),  but  they  carry  short  shoots  of  very  high  grade  ore  (3  to 
10  oz.  of  gold  per  ton).  The  gold  occurs  native  in  flakes  pene- 
trating the  cleavage  planes  of  the  quartz  like  a  golden  mosaic,  and 
also  in  coarse  particles  which,  under  closer  examination,  prove  to 
be  octahedral  crystals  with  curiously  rounded  edges  ;  consequently, 
as  the  gold  in  the  cement  is  exactly  similar  to  that  seen  in  the 
reefs,  and  the  quartz  fragments  in  the  alluvial  are  identical  with 
the  stone  of  the  Sugar  Loaf  reef,  the  derivation  of  the  one  from  the 
other  appears  to  be  scarcely  open  to  doubt 

Mr.  C.  S.  Goczel,  who  has  also  described  this  deposit,"  mentions 
that  it  mainly  consists  of  sharp-edged  quartz  grains  and  quartz- 
breccia,  but  occasionally  contains  small  smooth  round  quartz 
pebbles,  the  whole  being'  cemented  together  by  crypto-crystalline 
silica,  which  being  frequently  more  or  less  ferruginous,  gives  it  a 
variegated  colouring ;  the  gold  is  often  sufficiently  coarse  to  be 
visible,  and  is  embedded  in  the  ferruginous  matrix,  which  some- 
times exhibits  pseudomorpbs  of  brown  hxmatite  after  pyrites,  part 
of  the  gold  being  evidently  derived  from  the  decomposition  of  this 
mineral 

Mr,  Blatchford  observes  f  that :  "  The  cement  consists  of  sub- 
angular  and  rounded  fragments  of  quartz,  varying  in  size  from 
grains  smaller  than  a  pin's  head,  to  pieces  over  an  inch  in  diameter." 
"These  grains  are  usually  bound  together  by  kaolin  in  varying  pro- 
portions, the  hardness  of  the  rock  varying  with  the  amount  of 
kaolin  present," 

"  When  the  cementing  material  is  more  or  less  absent,  the 
grains  are  usually  of  a  finer  or  more  even  texture,  giving  the  rock 
the  appearance  of  sandstone,  whilst  it  becomes  so  soft  as  to  crumble 
easily  under  the  pressure  of  the  fingers. 

"As  a  general  rule,  ironstone  gravel  overlies  the  cement,  and 
fills  in  the  pot-holes   and   gutters   cut   in  the  latter.     In   places, 

*  *  On  the  DepoMls  of  Auriferous  CemcDts  at  the  15-mile  Workings.'  Keport  of  the 
Depftrtment  of  Mines  for  the  j'ear  1895,  Perth,  p.  16, 

t  Btillttin  No.  3,  '  The  GeoU^  ot  the  Coolgudie  Gold  Field,'  Geoli^ical  Survey 
of  Western  Anstnlia,  by  T,  Blalchfotd,  B.A ,  F.G.S.,  Perth,  1S99. 
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however,  it  is  found  intermixed,  showing  that,  although  the  cement 
is  of  greater  age,  its  deposition,  at  least  in  some  places,  was  not 
complete  when  the  iron-stone  was  in  process  of  formation,  thereby 
demonstrating  the  similarity  of  age  of  these  deposits." 

The  cement,  which  has  a  maximum  thickness  of  15  feet,  and  a 
maximum  width  of  90  to  100  feet,  occupies  a  serpentinous  channel 
in  the  underlying  eroded  granite,  which  is  about  one-and-a-half 
miles  in  length,  although  there  are  frequent  breaks  in  it,  where 
parts  of  the  original  deposits  have  been  denuded  away. 

In  section,  Mr.  Blatchford  remarks,  it  shows  distinct  horizontal 
stratification,  leaving  no  doubt  as  to  its  sedimentary  origin. 
Between  the  cement  and  the  ironstone  gravel  there  is  sometimes 
a  thin  layer  of  nearly  pure  white  kaolin,  having  a  maximum  thick- 
ness of  6  inches.  The  bed-rock  is  a  biotite '-granite,  pitted  with 
"pot-holes"  and  scored  with  deep  "gutters."  The  age  of  the 
deposit  is  considered  by  Mr.  Blatchford  to  be  late  Tertiary  or 
Pleistocene  (judging  from  plant  impressions  found  in  what  may  be 
considered  to  be  almost  contemporaneous  deposits  in  the  Cool- 
gardie  district,  and  other  evidence),  whilst  Mr.  H.  Y.  L.  Brown, 
Government  Geologist  of  South  Australia,  appears  to  regard  it  as 
being  of  a  similar  age  to  the  Cretaceous  or  Tertiary  cements  found 
in  other  parts  of  Australia,  and  to  have  been  laid  down  along  the 
shore  of  a  lake  or  inland  sea. 

The  ironstone  gravels  and  kaolin  contain  small  quantities  of 
gold,  but  the  only  part  of  the  deposit  in  which  the  precious  metal 
is  found  in  paying  quantity  is  in  the  cementing  material  that 
binds  the  quartz  pebbles  together  (gold  being  rarely  though  occa- 
sionally found  in  the  pebbles  themselves) ;  and  the  richest  portion 
of  the  deposit  is  stated  to  be  usually  found  where  the  coarser 
material  lies  on  the  bed-rock,  especially  where  it  has  gathered  on 
the  lower  side,  or  around  the  rim  of  some  of  the  larger  pot-holes  in 
the  granite,  which  attain  a  depth  of  about  two  feet  and  a  diameter 
reaching  3  feet. 

When  the  kaolin  (which  gets  poorer  on  the  edge  of  the  deposit) 
is  of  a  dull  grey  colour,  it  is  said  to  be  generally  barren,  whilst  the . 
richer  ground  is  indicated  by  the  kaolin  being  iron-stained. 

There  can  be  little  doubt,  Mr.  Blatchford  remarks,  that "  the  gold 

found  throughout  this  deposit  has  been  laid  down  by  the  mechanical 

*  M^nefU  iron  mica,  of  a  black  or  greenisL  colour  with  a  suhmetaLlc  or  splendrait 
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action  of  water,  and,  judging  from  the  nature  of  the  associated 
material,  this  deposition  took  place  in  a  small  shallow  lake"  or 
trough  in  the  granite,  the  gold  and  quartz  derived  from  leaders  and 
quartz  reefs  in  the  vicinity  being  carried  down  mechanically  by 
inflowing  surface  waters.  It  seems  probable,  however,  that  jeotian 
agencies  have  also  played  an  important  part  in  forming  this  deposit ; 
a  plan  of  which,  reproduced  from  Mr,  Rickard's  paper,  is  given  in 
Fig.  II. 

According  to  official  returns,  the  Kintore  deposits  yielded  some 
7363  oz.  of  gold  up  to  the  end  of  1S97  from  5397  tons  of  "cement," 
an  average  return  of  i  oz.  7  dwt.  5  grains  per  ton,  which  was 
obtained  from  two  leases  known  as  the  Hilton  {19  acres),  and 
Ophelia  (13  acres),*  that  are  situated  at  the  lower  end  of  the  basin 
previously  described.  The  former  claim  appears,  however,  to  have 
been  much  the  richer  of  the  two,  having  produced  6836  oz.  from 
4397  tons  treated,  which  represents  an  average  yield  of  1  oz.  i  r  dwt 
I  grain  per  ton. 

The  lead  runs  from  the  Hilton  and  Ophelia,  through  the  Fatena 
L  3S6»,  Himalaya  L  357',  Windsor  L  358,,  Hilton  North  L  361., 
Coogee  L  362s,  Rock  of  Ages  L  3631,  Battler  L  364*,  and  Ruby 
L  365. 

The  cement  is  crushed  in  a  stamp  battery  supplemented  by 
cyanide  works. 

Kanowna. 

This  locality  is  situated  some  \i.\  miles  north-east  of  Kalgoorlie 
(with  which  it  is  connected  by  rail),  about  60  miles  east  of  Kintore, 
and  is  better  known  as  White  Feather.  \ 

Since  the  original  discovery  of  cement  in  this  neighbourhood  in 
1893,  in  the  old  cement  workings  (known  as  the  Golden  Cement 
Leases),  dry  blowers  fossicking  about  on  the  other  side  of  the  ridge, 
on  the  fiats  lying  at  the  foot  of  a  valley  formed  by  the  low  dividing 
chain  of  hills  that  encircle  it  on  the  east,  north  and  south,  discovered 
a  still  more  important  lead,  which  lies  in  a  shallow  gutter,  with  its 
longer  axis  running  east  and  west,  on  the  western  side  of  the 
watershed  referred  to. 

The  "  cement  lead  "  (Fig.  1 5)  found  near  the  head  of  this  trough 

•  T.  Blalchford,  ep.  Hi.,  pp.  26,  39. 

t  Thh  ^lame  &tose  from  a  fighl,  or  ratbet  a  wallL-aver,  enjoyed  by  a  peaceful  l>ut 
pugilistic  miner,  whose  ground  was  coveied  by  another  man  nho  found  out  that  he  had 
underrated  Ms  opponent's  powers  in  attempting  to  "  jump  his  claim." 
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on  G.M.L.  637  X  by  Messrs.  Sim  and  Greson  in  October  1897,  in 
what  is  known  as  the  Fitzroy  Lead,  lies  half  a  mile  or  so  north- 
west of  the  Kanowna  Post  Office,  and  trends  westward  from 
M.L.  637,  through  the  Cemetery,  passing  between  the  Protestant 
and  Catholic  sections,  which  have  been  fenced  in  on  each  side. 
Rich  prospects  of  gold  were  got  where  this  "gutter"  was  first 
struck,  at  a  depth  of  about  4  feet  from  the  grass-roots  under  a  thin 
bed  of  hard  travertine,  which  had  been  mistaken  for  the  true  bed- 
rock ;  and  it  is  quite  distinct  from  the  "  old  cement-workings  " 
(previously  referred  to)  which  are  situated  on  the  eastern  side  of 
the  divide,  about  li[  miles  east  of  these  workings. 


The  Old  Cement  Workings. 

Mr.  T.  A.  Rickard,  describing  this  deposit*  (Fig.  14),  says: 
"The  discovery  was  made  in  1893.  Each  digger  secured  a 
claim  50  feet  square,  and  sank  a  shaft  to  the  gold-bearing  cement 
which  the  dry  blowers  had  uncovered  in  the  course  of  their 
prospecting.  In  1895  an  English  Company  secured  the  property 
and  consolidated  the  claims  into  larger  leases. 

"  The  deposit  lies  in  a  shallow  trough,  the  longer  axis  lying 
east  and  west.  The  body  of  gold-bearing  cement  has  a  length 
of  about  700  feet  and  3  maximum  width  of  105  feet. 

"  Vertical  sections  exhibit  an  overburden  of  sandy  loam,  from 
a  few  inches  to  2^  feet  thick.  This  was  the  material  worked  by 
the  dry  blowers.  Then  comes  a  layer  of  detritus,  called  '  wash ' 
by  the  miners,  composed  of  fragments  of  ironstone  and  quartz, 
imbedded  in  clay,  and  reaching  to  a  maximum  of  25  feet  from  the 
surface.  This  overlies  the  cement  itself,  6  inches  to  5  feet  thick, 
and  easily  distinguished  from  its  roof  of  detritus  and  floor  of  clay. 
The  cement  consists  of  particles  of  quartz  in  a  greenish  clay.  Near 
the  rim  of  the  trough,  the  quartz  occurs  in  larger  and  more  angular 
pieces."  A  typical  section  obtained  from  a  pillar  in  the  old  workings 
is  given  in  Fig.  13  and  a  plan  and  section  of  the  deposit  in  Fig.  14. 

"  The  gold  contents  are  irregular,  the  whole  body  of  the  cement 
probably  averaging  i  oz.  per  ton  ;  but  only  the  richest  parts  were 
worked,  and  these  carried  many  ounces  to  the  ton,  so  that  the 
remnants   now  accessible  average  from   the  surface   down   about 

•  Op.  eii.,  p.  s*6. 
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3j  dwt."*    The   clay  carries  2  dwt.  per  ton.     The   material  was 
treated  in  neighbouring  stamp-mills. 

Regarding  the  source  from  which  the  gold  in  the  cement  has 
been  derived,  Mr.  Rickard  considers  that,  just  as  in  the  case  of  the 
25-mile  deposits,  its  origin  may  be  traced  to  quartz  reefs  to  the 
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Fic.  13,— Cement  Deposit,  Kanowna  (Sectios). 

west  of  it,  which  cross  the  countiy  close  to  the  upper  rim  of  the 
shallow  depression  in  which  it  lies. 

The  McAuliffe  vein  (worked  in  the  White  Feather  Reward 
mine)  and  the  Main  Reef  (worked  in  the  White  Feather  Main  Reef 
mine),  which  seem  to  be  identical,  and  to  which  the  gold  may  most 
probably  be  traced,  traverse  diorite,  which  is  penetrated  in  their 

*  Fiom  inroriDBtion  given  to  Mi.  Rickaid  by  Mr.  S.  H.  Williams.' 
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immediate  vicinity  by  large  dykes  of  granite-porphyry,  and  the 
strike  of  the  veins  crosses  the  head  of  the  longer  axis  of  the  trough 
in  which  this  deposit  lies  ;  that  forms  the  "low  divide"  separating 
it,  as  previously  stated,  from  the  "  Fitzroy  Lead  "  that  trends  in  the 
opposite  direction. 

Mr.  Rickard  adds  that  "on  comparing  the  veins  and  their 
encasing  rock,  as  seen  in  the  workings  of  the  two  mines  on  opposite 
sides  of  the  alluvial  deposit,  it  is  not  necessary  to  go  farther  to  seek 
the  origin  of  the  latter.     The  cement  is  underlain  by  a  clay,  which 


Fic  14.— Golden  Cemiht  DEPOsrr  at  Kanowna. 

is  essentially  steatite,  and  is  as  readily  traceable  to  the  neighbouring 
diorite  as  the  kaolin  at  Kintore  was  deducible  from  the  granite. 
The  green  colour  of  the  cement  is  imparted  by  chlorite,  derived 
from  the  decomposition  of  the  epidote  in  the  diorite.  The 
'  ironstone '  of  the  detritus  overlying  the  gold-bearing  part  of  the 
deposit  consists  of  fragments  of  altered  diorite.  The  quartz  in  the 
cement,  and  the  gold  accompanying  it,  are  both  identical  with  those 
of  the  reefs  close  by," 

Various  other  theories  have  been  advanced  to  account  for  the 
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origin  of  these  "cement  deposits,"  some  considering  them  as 
"  deep-leads,"  others,  as  already  said,  r^arding  them  as  similar  to 
"  banlcet "  ;  both  suppositions  are,  however,  quite  untenable.  The 
former  term  is  applied  in  its  strict  sense  to  old  river  channels 
in  California  and  Victoria,  of  Miocene  age,  protected  from  erosion 
by  a  cap  of  lava   {which   probably  overflowed  the  surface   as   a 
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Fig.  15. — Cement  Defosit,  Fitzrov. 

steaming  volcanic  mud),  under  which  they  now  lie  deeply  buried  ; 
whilst  the  South  African  "  banket "  is  regarded  as  an  immense  shore- 
deposit  of  gold-bearing  conglomerate,  covered  by  later  sedimentary 
rocks.  Hence  these  "cement  deposits"  may  more  properly  be 
considered  as  the  "placers"  of  a  country  destitute  of  running  streams, 
and  in  support  of  tJiis  statement  Mr.  Rickard  points  out : — 
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1.  That  the   quartz    of  the   cement  is  subangular,  and  has 
suffered  little  from  attrition  (su^esting  that  it  has  not  travelled 
far) ;  on   comparing  it  with  the  matrix  of  neighbouring  veins  its   - 
identity  appears  obvious. 

2.  An  examination  of  the  topography  renders  highly  probable 
the  derivation  of  the  one  from  the  other. 

3.  The  cementing  material  is  found  to  be  clay  resulting  from  the 
decomposition  of  the  rock  encasing  the  quartz  veins  and  vaiying 
according  to  the  decomposition  of  that  rock,  whether  it  be  granite 
or  diorite. 

4.  The  gold  is  identical  in  fineness  and  physical  character  *  wif  h 
that  of  the  neighbouring  veins,  and  the  scarcely-rounded  edges  of 
individual  particles  invite  the  conclusion  that  its  place  of  origin  is 
to  be  looked  for  in  the  immediate  neighbourhood. 

5.  The  absence  of  continuous  running  water  on  this  desert 
plateau  has  prevented  any  such  sifting-process  as  in  other  regions 
leads  to  the  deposition  of  well-defined  layers  of  clay,  gravel,  and 
gold  upon  a  clean  bed-rock  a.^;  in  ordinary  placer>ground,  and  the 
comparatively  unclassified  condition  of  the  deposit  is  in  keeping  with 
the  evidence  afforded  by  the  material  of  which  it  is  composed. 

Transportation  of  the  material  would  in  fact  seem  to  have  been 
carried  on  by  the  united  action  of  wind  and  intermittent  flood-waters. 

Tke  Fitzroy  or  so-called  Kanowna  Deep-Lead. 

The  prospectors  followed  up  their  discovery  of  the  Fitzroy  Lead 
for  the  first  Jo  yards  in  an  open  cut,  but  as  the  overburden  became 
thicker  and  thicker,  it  has  become  the  practice  to  mine  the  deposit 
by  sinking  and  driving  on  it.  It  consisted  at  first  almost  entirely  of 
ironstone  pebbles  cemented  together  with  oxide  of  iron  or  kaolin,t 
presenting  in  the  former  case  much  the  appearance  of  ironstone 
vein-stuff  Mr.  Blatchford  states  J  that  "  the  dimensions  of  the 
'gutter'  vary  considerably,  ranging  from  2  feet  in  the  Pros- 
pectors, to  about  8  feet  in  width  in  Messrs.  Graham  and  party's 
claim,  and  from  2  to  4  feet  in  thickness." 

Further  to  the  westward  the  deposit  alters,  both  in  character 

■  Often  occurring,  it  is  sud,  ia  beautiful  bnght  and  apparently  mote  or  less 
djttAtline  forms, 

t  II  it  said  that  gypsum  (sulphate  of  lime)  lias  been  found  in  the  shallower  woikingi 
attkilaadtfihtLeitd  in  u  cryilalline  form,  which  suggests  its  deposition  from  hot  water. 

t  Op.  a/.,  p.  33. 
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and  dimensions.  Instead  of  the  ironstone  predominating  as  it 
does  at  the  head  of  the  "  Lead,"  kaolin  and  rounded  grains  of  quartz 
commence  to  replace  it  (the  ironstone  only  occurring  in  patches), 
until  at  length  a  width  of  30  feet  is  attained. 

Lower  down  the  Lead  the  deposit  graduallj'  changes  to  a  coarse 
quartz  gravel  wash,  of  irregular  size,  and  usually  incoherent,  and  is 
about  5  feet  thick,  but  only  the  lower  2  or  3  feet  contain  payable 
gold,  which,  in  place  of  being  free,  is  more  or  less  associated  with 
quartz,  and  is  more  frequently  found  in  the  form  of  small  slugs, 
than  at  the  head  of  the  Lead. 

A  little  farther  on  the  Lead  attains  a  maximum  width  of  80  feet, 
and  splits  into  two  branches,  one  trending  north-west,  called  the 
North  Lead,  which  has  been  followed  for  about  2  miles  from  the 
Cemetery  to  G.M.L.  918  X,  a  little  beyond  the  point  where  it  is 
joined  by  Wilson's  Gully  Lead  ;  the  other  running  south-east,  to  a 
point  beyond  the  cemetery  (through  which  it  passes,  as  already 
said),  known  as  the  Cemetery  or  South  Lead.* 

Throughout  the  whole  of  the  deposit,  the  gold  bears  strong 
evidence  of  being  mechanically  rounded  during  transportation  to 
its  present  position. 

The  north  branch  of  the  main  Lead  has  lately  been  carefully 
studied,  and  its  features,  as  disclosed  by  recent  developments,  have 
been  described  in  detail  by  Mr.  Torringtnn  Blatchford,  in  the  Annual 
Progress  Report  t  of  the  Geological  Survey  of  Western  Australia, 
from  which  the  following  particulars  are  excerpt. 

On  the  higher  grounds  lying  to  the  south  and  west  of  the  North 
Lead,  the  country  rock  consists  of  schists,  which  are  intersected 
by  acid  eruptive  dykes  of  a  felsitic  and  quartz-porphyry  type. 

Schists. 
\ '  These  rocks  belong  to  the  chloritic  group,  and  are  the  prevailing 
type  of  country  rock  ;  in  unaltered  specimens  they  appear  of  a 
bluish-grey  colour,  and  have  a  hardness  of  from  I  to  2  (Mohs 
scale).  The  rock  possesses  a  fine-grained  and  distinctly  schistose 
structure,  and  contains  numerous  crystals  of  calcite  and  other 
carbonates,  and  iron  pyrites. 

Under  the  microscope  it  is  seen  to  consist  essentially  of  chlorite 
•  Two  sraaliet  tributary   "leads,"   known  as  the   Q.  E.  D.  and  Moonligbt,  wtre 
difCDvered  ia  .189S,  to  the  north  of  the  North  Lead, 
t  For  the  year  1899,  Perth,  190a. 
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crystals,    with    occasional    small    grains    of    quartz    interspersed 
throughout 

It  is  most  probably  a  much  altered  eruptive,  considerably 
decomposed,  the  products  of  decomposition  being  usually  of  a 
much  darker  colour,  owing  to  the  oxidation  of  the  ferrous  to 
ferric  oxides,  though  in  some  instances  where  this  latter  constituent 
has  been  leached  out  the  rock  becomes  almost  white.  An  interesting 
point  to  be  observed  is  that  "numerous  instances  of  pseudomorphs 
of  ferric  oxides  after  pyrites  occur,  the  cubes  being  sometimes 
covered  with  paint-gold,  which  points  to  the  auriferous  nature  of 
the  pyrites  prior  to  decomposition." 

Acid  Eruptive  Rocks. 

These  rocks  occur  as  dykes  intersecting  the  more  basic  schists  ; 
their  general  strike  is  east  of  north  with  a  prevailing  dip  east  In 
hand-specimens  they  are  found  to  consist  of  a  more  or  less  fine- 
grained material,  in  which  blebs  of  felspar  and  quartz  are  fre- 
quently seen,  sometimes  in  a  most  perfect  state  of  crystallisation. 

The  weathered  products  are  usually  white,  changed  at  times  to 
an  almost  pure  kaolin,  in  which  are  frequent  irregular  quartz 
crystals.  In  this  state  they  offer  a  strong  contrast  to  the  more 
basic  rocks.  They  are  also  characterised  by  the  occurrence  of 
numerous  intersecting  quartz  leaders,  which  vary  from  mere  threads 
to  veins  several  inches  in  thickness. 

These  quartz  veins  are  sometimes  auriferous,  and  have  been 
prospected  to  some  extent  with  success. 

Physical  Features  of  the  North  Lead. 

The  natural  depression  which  forms  the  North  Lead  for  the 
first  part  of  its  course  is  bounded  north  and  south  by  high  ground, 
but  bends  gradually  round,  and  at  its  western  extremity  it  widens 
out  into  an  extensive  flat,  and  has  been  lost. 

The  incline  of  the  present  surface  of  the  country,  between  the  head 
of  thejFitzroy  Lead  to  a  point  close  to  (W.R.  35)  near  Wilson's 
Gully,  is  some  43  feet ;  whilst  that  of  the  underlying  gutter  is  about 
80  feet"  The  fall  is  gradual  in  both  cases,  with  but  few  excep- 
tions ;  though  the  incline  is  slightly  greater  at  the  eastern  than  at 
the  western  extremity.  In  following  the  gutter,  however,  there  are 
cases  where  a  sudden  fall  of  several  feet  occurs  in  a  distance  of  only 
■  At  the  rate  of  about  40  feet  to  the  mite. 
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a  few  yards.  Its  width  varies  from  2  to  80  feet,  15  feet  being 
perhaps  a  fair  average.  On  examining  the  form  of  the  gutter  (an 
ea5y  matter  at  present,  as  tunnels  extend  for  nearly  its  whole 
length),  Mr.  Blatchford  remarks,  "One  is  struck  with  the  simi- 
larity of  its  shape  to  that  of  an  ordinary  river-bed.  Its  bottom,  the 
steep  bank  near  a  bend,  and  again  the  gradual  widening  out  of  the 
trough  at  the  junction  of  its  tributaries,  and  at  the  western  end 
where  the  incline  is  less,  all  point  to  the  one  origin,  that  of  erosion 
by  running  water."  "  Since  this  erosion  took  place,  beds  varying 
from  a  total  thickness  of  a  few  inches  to  90  feet  have  been  laid 
down,  the  deposition  taking  place  at  intervals  of  time,  the  duration 
of  which  there  is  little  or  no  evidence  to  show."     There  are,  however, 


Fro.  16.— Cement  Dkposit,  North  Leah,  Kanowsa. 

good  grounds  for  stating  that  extensive  erosion  of  the  lower  beds 
did  take  place,  before  the  upper  beds  were  deposited. 

Mr.  Blatchford  goes  on  to  observe,  that  the  nature  of  the  strata 
forming  the  North  Lead  vary  considerably  in  character  in  different 
parts. 

"  Below  the  junction  of  the  Fitzroy  and  Cemetery  Leads,  in  the 
vicinity  of  Messrs.  Currey  and  party's  claim,  a  band  of  kaolin,  some 
2  feet  in  thickness,  separates  the  coarse  quartz  gravels  from  the 
finer  auriferous  wash  which  lies  in  the  bottom  of  the  gutter,  as  can 
be  seen  in  section  in  Fig.  16  herewith." 

"  The  auriferous  deposit  varies  in  width  from  20  to  40  feet,  with 
an  average  thickness  of  about  2  feet.     Both  beds  of  quartz  gravel 
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were  very  much  eroded  before  being  covered  up  with  the  overlying 
beds.  The  dividing  kaolin  bed,  however,  does  not  exhibit  this 
feature,  but  lies  conformable  to  the  overlying  sand-bed. 

"The  maximum  thickness  of  the  beds  in  this  vicinity  is  about 
55  feet. 

"  From  Messrs.  Currey  and  party's  claim  the  same  beds  occur 
in  a  more  or  less  eroded  state  till  the  lead  commences  to  turn  to 
the  west,  when  the  auriferous  wash  becomes  very  much  broken  and 
difficult  to  trace,  patches  only  being  found  at  irregular  intervals  in 


Deposit  North  Lead,  Kanowna. 


the  gutter.  The  top  or  barren  quartz  wash,  however,  is  continuous 
though  the  kaolin  bed  is  often  missing." 

"  A  new  stratum  of  kaolin  makes  its  appearance  between  the 
ironstone  gravels  and  the  top  quartz  gravels,  near  to  where  the 
lead  turns  to  the  west" 

"  In  Soden's  claim  this  kaolin  bed  is  some  2  feet  in  thickness,  but 
it  gradually  increases  till  it  reaches  a  limit  of  about  20  feet." 

The  section  (Fig.  1 7),  as  seen  in  Rollo's  shaft,  shows  the  relation 
of  the  various  strata  in  this  locality. 
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A  thin  bed  of  magnesite,  usually  about  6  inches  in  thickness, 
separates  the  lower  bed  of  kaolin  from  the  decomposed  country 
rock.  Owing  to  the  sticky  nature  of  the  top  kaolin  bed,  the  name 
"  P''^  "  ^''^  been  applied  locally,  more  especially  to  that  portion  of 
the  deposit  which  js  auriferous.  In  the  vicinity  of  Rollo's  shaft 
and  to  the  western  end  of  the  Lead,  the  auriferous  wash  is  extremely 
patchy,  and  though  productive  in  places,  is  too  uncertain  in 
character  to  be  sought  for.  Attention  is  therefore  being  given  more 
to  the  auriferous  portions  of  the  kaolin  which  yields  good  returns. 

At  the  head  of  the  Fitzroy  Lead  the  payable  wash  varies  in 
width  from  2  feet  across,  gradually  increasing  till  it  reaches  80  feet, 
and  is  equally  variable  in  thickness,  ranging  from  a  few  inches  to 
several  feet. 

In  the  North  Lead  lower  down  the  wash  ranges  from  10  to  40  feet, 
with  the  same  variable  thickness  as  in  the  Fitzroy.  "  It  was  from 
this  auriferous  wash  that  most  of  the  alluvial  gold  has  up  to  the 
present  been  won,  some  of  the  claims,  which  include  150  feet  of  the 
gutter,  having  produced  as  much  as  40CX)  02.  each," 

The  "  pug  "  or  kaolin  bed  at  the  western  end  of  the  North  Lead 
is  next  in  importance  from  a  gold-producing  point  of  view. 

"  Only  portions  of  this  deposit  are  payable,  the  maximum  width 
being  about  40  feet  with  a  thickness  of  upwards  of  6  feet.  As  a 
rule  the  lower  portion  of  the  deposit  is  the  richest,  but  there  is  no 
fixed  rule,  the  gold  being  frequently  found  in  more  or  less  isolated 
patches.  It  is  noteworthy,  however,  that  the  quantity  of  gold  in 
the  deposit  diminishes  considerably  at  no  great  distance  from  the 
centre  of  the  trough,  and  though  the  kaolin  bed  has  been  found 
extending  for  a  considerable  distance  to  the  north,  there  is  hardly 
sufficient  gold  contained  to  render  it  payable  to  work," 

"  Gold  is  also  being  won  in  small  quantities  from  what  are 
locally  known  as  'headings,'  a  term  applied  to  the  strata  im- 
mediately above  the  rich  wash." 

"  This  includes,  therefore,  some  of  the  more  or  less  barren  wash, 
as  well  as  the  lower  portion  of  the  ironstone  gravels." 

"  Much  picking  of  the  ore  and  careful  prospecting  are  necessary, 
however,  hiefore  these  portions  of  the  deposits  are  rendered  payable, 
though  with  cheaper  milling  appliances  there  would  doubtless  be 
large  quantities  of  gold  won  from  this  source." 

"  One  noteworthy  exception  to  the  usual  sequence  in  the  de- 
position of  the  bed  occurs  in  Messrs.  Vaughan,  Davis  and  party's 
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claim,  where,  underlying  the  auriferous  sandstone  wash,  a  coarse, 
much-broken  rock  is  found  at  a  depth  of  96  feet  carrying  gold. 
That  this  may  be  the  eastern  extremity  of  a  second  auriferous 
wash  is  possible.  It  seems,  however,  on  close  examination  to  be 
more  probably  the  denuded  fragments  of  some  auriferous  rock  in 
situ,  as  the  component  parts  are  not  rounded  to  the  slightest  degree, 
in  fact,  perfect  semi-detached  crystals  of  orthoclase  felspar  and 
quartz  are  abundant,  in  a  most  perfect  state  of  preservation.  The 
country  rock  at  the  bottom  is  undoubtedly  granite." 

"The  deposits   of  the  Wilson's   Gully  Lead  are  identical   in 
character  with  those  of  the  North  Lead.     More  erosion,  however,  has 
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Fig    18  — Cbment  Deposit,  North  Lead,  Kasowha. 

taken  place  m  the  lower  strata,  in  consequence  of  which  the  auri- 
ferous wash  IS  extremely  patchy.  A  section  (Fig.  18),  as  shown  in 
Messrs  Darwm  and  Party  s  shaft,  is  attached." 

Origin  of  the  Deposits  Forming  the  North  Lead. 

"  The  origin  of  the  surface  soil  and  ironstone  gravels  is  probably 
due  more  to  the  denuding  action  of  wind  than  of  water,  subsequent 
segregation  having  taken  place  in  the  later  deposit,  and  formed 
the  ironstone  bands  and  nodules. 

"  The  beds  of  incoherent  quartz-gravels,  etc.,  are,  however, 
obviously  due  to  the  action  of  running  water,  as  some  of  the  frag- 
ments  in   these   deposits   are   perfectly  smoothed   and   rounded. 
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The  deposits  too  are  well  classified,  and  laid  down  horizontally 
over  the  much-eroded  surfaces  of  the  beds  immediately  beneath 
them.  In  the  Fttzroy  Lead  the  gold  in  some  instances  was  slightly 
water-worn,  but  further  reference  will  be  made  to  this  question 
later  on.  The  quartz  wash  is  probably  derived  from  the  denudation 
of  the  quartz  reefs  or  granite  rocks  of  the  higher  grounds  to  the 
east." 

"The  beds  of  kaolin  owe  their  origin  to  two  sources, — (i)  the 
decomposition  and  alteration  of  the  chlorite  schist,  {2)  the  altera- 
tion of  the  felspars  of  the  granite  rocks.  Chlorite  consists  essenti- 
ally of  a  hydrous  silicate  of  magnesia,  iron,  and  alumina  in  varying 
proportions.  The  beds  known  as  '  pug,'  *  on  analysis  in  the 
Departmental  Laboratory,  prove  to  consist  of  almost  pure  silicate 
of  alumina,  in  other  words  they  are  a  kaolin  or  clay.  This 
will  account  for  the  alumina  of  the  chlorite,  while  the  magnesia 
can  partly  if  not  wholly  be  accounted  for  by  the  beds  of  magnesium 
carbonate  found  in  the  lower  portions  of  the  lead." 

"  The  kaolin  bed  of  the  upper  portion  of  the  lead  is  probably 
of  granite  origin,  the  texture  being  unlike  that  of  the  '  pug,'  the 
difference  being  partly  due  to  the  presence  of  grains  of  quartz, 
partly  to  a  difference  of  fineness  of  material." 


Character  and  Origin  of  the  Gold  of  the  North  Lead. 

"  In  studying  the  occurrence  of  the  gold  of  the  North  Lead,  the 
nature  of  the  associated  country  rocks  must  first  be  considered. 
The  two  prevailinj,'  types  of  rock  are  in  the  first  place  both  auri- 
ferous,— the  granite  rocks  containing  gold  in  appreciable  quantities, 
en  masse,  as  well  as  in  the  intersecting  quartz  veins ;  while  the 
chlorite  schists  contain  auriferous  pyrites  disseminated  throughout 
the  rock,  in  addition  to  possible  fissure  lodes  carrying  gold." 

"  That  much  of  the  gold  in  the  auriferous  quartz  wash  was 
derived  from  the  former  source  is  evidenced  by  the  fact  that  it 
occurs  in  the  quartz  pebbles  themselves,  and  though  the  gold  as  a 
rule  in  this  deposit  is  not  much  rounded,  the  edges  of  many  pieces 

•  Warden  P.  Troy  sajra  ;  "  la  connection  with  ibc  alluvial  leads,  a.  mailer  of  nncfa 
importaaGe  is  the  immense  deposits  of  auriferous  clay  or  '  pug,'  wbich  aie  knowo  to 
eilsl,  and  which  cannot  be  ptolilably  tiealed  by  any  known  golii-saving  appliances  unleai 
the  ore  containi  more  than  15  dwt.  of  gold  to  the  ton."—'  Keport  of  the  Department  of 
Mines,'  1S9S,  p.  Uiv. 
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are  sufficiently  smoothed  to  allow  of  no  doubt  as  to  their  mechanical 
transportation  and  deposition. 

"  Much  controversy  has  arisen  as  to  the  origin  of  the  gold 
in  the  '  pug,'  the  generally  accepted  theory  being  hydrotherma 
action.  That  the  gold  in  this  deposit  has  been  chemically  formed 
there  seems  little  reasonable  doubt,  as  indicated  by  the  following 
phenomenon  in  its  occurrence.  No  evidence  in  favour  of  hydro- 
thermal  action  could  be  discovered." 

"(l)  The  gold  is  in  a  finely-crystalline  state,  the  edges  of  the 
crystals  being  in  no  way  rounded  by  attrition, 

"  (2)  The  gold  is  often  found  following  certain  irregular  cracks, 
and  forming  a  connected  chain  of  crystals,  or  covering  cleavage 
planes,  so  as  to  give  the  latter  the  appearance  of  painted  surfaces. 

"  (3)  The  gold  is  found  in  the  vicinity  of  what  was  apparently 
the  lowest  portion  of  the  trough  in  which  the  deposit  rests,  and, 
therefore,  is  where  infiltrating  waters  would  have  been. 

"  (4)  Manganese  and  cobalt  oxides  are  often  found  in  close 
association  with  the  gold  in  scattered  nodules,  the  three  forming  an 
auriferous  wad,"* 

"  That  chemical  action  has  taken  place  in  the  schists  is  seen  by 
examining  the  numerous  pseudomoiphs  of  haematite  af^er  pyrites 
(locally  known  as  "  devil's  dice  ")  which  occur  throughout  that  class 
of  rocks.  In  many  instances  the  gold  may  be  seen  coating  the 
outside  of  the  haematite  crystals,  though  at  one  time  it  was  un- 
iloubtedly  included  in  the  crystal  of  sulphide  of  iron." 

/^on-Sedimentary  Auriferous  Hocks. 

Perhaps  the  most  interesting  feature  of  the  North  Lead  is  the 
occurrence  of  gold-bearing  rocks  underneath  the  sedimentary  beds. 

"  Such  have  been  looked  upon  as  fissure  lodes ;  lodes  most  of 
them  certainly  are,  but  only  in  the  sense  that  any  rock,t  not  of 
sedimentary  origin,  which  contains  gold,  may  be  considered  a 
lode.  With  two  exceptions,  the  lode  material  consists  of  much- 
altered  schist,  impregnated  in  places  with  ironstone  bands,  patches 

*  Aebolilc  (cobnltiferous  hydrous  oxide  of  mtnganese)  is  said  to  be  fouod  principally 
in  the  "pug"  ind  in  the  undeilying  much-wefttheied  schists,  but  also  occurs  in  nodules 
of  magnesitc.  It  is  frequently  studded  with  minute  crystals  of  gold.  A  sample  of  "  pug  " 
impregnated  with  asbolite  yielded  on  assay  7*56  per  cent,  of  metallic  cobalt. — 'Annual 
Progress  Report  of  the  Geological  Surrey,  Western  Australia,'  1899,  p.  55. 

t  This  definition  ofn  "  lode"  appean  loo  broad. — Authok. 
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of  kaolin,  steatite,  etc,  and  abounding  in  places  with  pseudomorphs 
of  haematite.  In  hand-specimens,  the  lode  material  is  not  distin- 
guishable from  the  country  rock  found  in  the  shafts  sunk  to  the 
north  and  south  of  the  North  Lead.  The  acid  dykes  have  a  general 
trend  of  north-east  and  south-west,  and  underground  the  same  strike 
is  apparent,  yet  the  lodes,  or  at  least  the  payable  portions  of  rock, 
will  prove  without  much  doubt  to  run  north-west  and  south-east,  for 
at  present  thereiseverytendency  in  that  direction.  Unfortunately, 
at  no  great  depth  below  the  sedimentary  beds  there  is  a  large  in- 
flux of  salt  water,  in  consequence  of  which,  sinking  below  the  loo- 
foot  level  has  in  most  cases  not  been  undertaken,  so  much  still 
remains  to  be  seen.  The  gold  presents  the  same  crystalline  form 
as  that  found  in  the  '  pug,'  with  the  exception  that  it  is  usually 
more  coarsely  crystalline  and  at  times  presents  a  characteristically 
arborescent  form.  There  seems  no  reasonable  doubt  that  the 
origin  of  the  gold  in  both  is  identical,  and  that  the  presence  of 
the  gold  in  the  lodes,  contrary  to  the  accepted  theory,  is  due  to 
infiltration  from  above." 

"  The  extent  of  the  gold  occurring  in  the  schists  is  not  determin- 
able, and  will  depend  on  the  depth  of  the  zone  of  decomposition. 
At  present  the  lode-stuff  is  being  taken  out  for  a  width  of  40  feet, 
and  in  places  up  to  70  feet,  but  not  to  a  greater  depth  than  20  feet 
An  undoubted  fissure-lode  occurs  in  Sim's  claim,  where  a  felsitic 
dyke  is  found  to  be  auriferous.  The  gold-bearing  rock  in  this 
instance  resembles  closely  the  felsitic  dykes  worked  in  the  Wyche- 
proof  (G.M.L.  324*)  and  Wycheproof  South  (G.M.L.  1846" )  mines  in 
the  Bardoc  district" 

Mr.  A.  Gibb  Maittand  (Government  Geologist),  adds  " : — 
"  The  ultimate  derivation  of  the  gold  in  the  North  Lead  is  from 
the  quartz  veins  and  lodes,  by  which  the  crystalline  rocks  are 
traversed  (and  upon  which  the  wash  directly  reposes  in  places),  for 
the  gold  is  not  exclusively  in  the  form  of  grains,  scales,  etc.,  but 
is  found  occurring  in  the  quartz  pebbles  themselves.  In  addition 
to  what  may  be  called  detrital  gold,  there  is  another  massive, 
arborescent  or  coarsely-crystalline  form,  which  occurs  filling 
certain  irregular  fissures  and  vughs,  and  covering  cleavage  planes 
or  shrinkage  cracks,  so  as  to  present  the  appearance  of  painted 
surfaces.  The  mode  of  occurrence,  associations  and  character  of 
this  gold,  all  point  to  a  secondary  origin.  It  is  of  importance  to  note 
*  '  Anoual  Piogiess  Report  of  Ihe  Geological  Survejr,  W.A.,'  1899,  p.  9. 
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that  this,  what  may  be  called  secondary  gold,  has  been  deposited 
rem  solution,  not  only  in  the  alluvium  and  other  superficial 
deposits,  but  also  in  the  zone  of  decomposition  of  the  bed-rock. 
These  secondary  forms,  which  result  in  the  superficial  enrichment 
of  many  aimferous  deposits,  are  a  common  feature  in  the  mineral 
fields  of  the  Colony." 

The  yield  of  gold  from  alluvial  deposits  in  the  Kanowna  field, 
up  to  the  end  of  1899,  is  shown  in  the  accompanying  table,*  compiled 
from  the  'Annual  Progress  Report  of  the  Geological  Survey  of 
Western  Australia,  1899.' 


y)  C«»Dt 

- 

:   Ccmeiil  CniihMl. 
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Prerioiu  to  1S9S      . 

In                 1898      . 
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63,548      0    'O 
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101*  ■    cwt.  <|r, 

!  45-983     4   a 

:  51,098     14     3 

M.          dol.  V. 

eS,i33  10  13 
71,839  18  II 

91,651     13     33 

97.081      19     0 

140.033    5    9 

Figs,  ipt  and  20  show  some  of  the  "open  cuts"  and  shafts 
sunk  on  the  Kanowna  claims,  and  give  a  good  idea  of  life  in  an 
alluvial  "  camp  "  in  Australia.  In  the  Bulong  and  Kumalpi  divisions, 
several  large  nuggets  have  also  been  unearthed ;  one  which  was 
discovered,  if  I  am  rightly  informed,  by  Simmons  and  Hart,  at 
Kumalpi,  weighed  IC90Z.  lOdwt. ;  another, found  in  1S99,  weighed 
168  oz.  ;  whilst  at  Hogan's  Find,  about  30  miles  south  of  Bulong, 
quite  a  number  were  unearthed  in  1899,  the  lai^est  one  weighing 
125  oz. 

"Cement"  is  so  hard,  that  it  has  to  be  crushed  like  ore  in  a 
stamp-mill,  and  discoveries  of  a  like  character  of  secondary  im- 
portance, which  I  need  not  here  describe,  have  been  made  at  other 
places.     It  should  be  pointed  out,  howevei,  that  owing  to  the  fact 

*  The  priocipal  clum*,  and  the  retums  the;  have  yielded,  ve  detailed  in  the  Anoual 
Reports  of  the  Department  of  Mioes,  PertL 

t  FlE-  '9  U  ceprodiiced  From  the  Supplement  of  Tii  Fitiantia!  Tiinti,Juae  19,  1E99, 
which  Ibe  propiietors  have  kindly  penniucd  the  Authoi  10  use. 
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that  "  cement "  often  covers  the  caps  of  reefs,  quite  apart  from 
the  amount  of  gold  such  deposits  have  yielded,  they  have  played 
an  important  part  in  leading  to  the  discovery  of  valuable  lodes, 


notably  for  instance,  at  Kalgoorlie.  An  occurrence  of  this  kind 
is  shown  in  Fig.  10,  which  represents  the  outcrop  of  the  Lady 
Shenton  reef  at  Menzies. 

Alluvial  Deposits  at  Kalgoorlie. 

The  discovery  of  alluvial  gold  at  Kalgoorlie  was  made  on 
Saturday,  June  17,  1893,  by  three  prospectors,  Patrick  Hannan, 
Dan  Shea  and  Tom  Flannagan,  whilst  travelling  from  Coolgardie 
in  the  "  rush  "  to  Mount  Yule.  The  following  Sunday  hundreds  of 
men  were  flocking  to  the  scene  of  the  find,  on  camels,  bicycles, 
horses  and  on  foot,  who  little  suspected  the  immense  wealth  that 
lay  buried  in  the  neighbourhood,  under  the  arid  waste  of  reddish 
loam,  gritty   sand,  and  gravel,  containing   ironstone,   travertine,* 

•  Carbonate  of  lime,  often  deposited  on  twigs,  elc. 
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and  fragments  of  quartz,  with  which  the  surface  of  the  country 
for  miles  around  was  covered. 

The  theatre  of  these  early  operations  was  below  the  hill  which 
overlooks  the  township  east  of  Kalgoorlie,  Curiously  enough,  how- 
ever, this  particular  discovery  has  not  up  to  the  present  led  to  the 
finding  of  any  reefs  of  importance  in  the  immediate  neighbourhood, 
although  the  surrounding  area,  like  many  others,  was  given  up  to 
purposeless  "  digging,"  which  lent  an  impetus,  as  Mr,  Rickard  says,* 
to  a  great  deal  of  reckless  company-promoting.  "  However,  just  as 
in  Colorado,  the  Mount  Pisgah  fiasco,  of  1884,  preceded  the  real 
development,  eight  years  later,  of  Cripple  Creek,  so  the  vagaries 
of  irresponsible  schemers  led  to  the  accidental  opening  up,  and.  the 
eventual  recognition,  of  the  magnificent  series  of  rich  lodes  that 
have  now  placed  Kalgoorlie  amongst  the  few  great '  mining  camps ' 
of  the  globe,"  and  towards  the  end  of  1895  there  were  no  less 
than  3000  people  congregated  at  Hannan's. 


Fig.  20.— An  Alluvial  Claim  at  Kanowna. 

Such  veins  as  were  found  at  the  northern  end  of  the  field, 
however,  were,  as  already  said,  so  small,  patchy,  or  poor,  as  to  be 
practically  valueless. 

•  op.  cii. 
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The  Cement  Deposits  at  Kalgoortie. 

The  cement  deposits  on  this  particular  field  leading,  as  they 
have  done,  to  the  discovery  of  the  more  valuable  "formations," 
which  in  consequence  of  the  comparative  softness  of  the  lode 
material  did  not  outcrop  at  the  surface,  may  be  regarded  as  of  the 
very  greatest  importance,  notwithstanding  that  the  amount  of  gold 
they  have  returned  in  the  aggregate  is  comparatively  triflii^. 
Underlying  the  red  loam  on  the  '*  flats,"  which  covers  extensive 
areas,  a  considerable  thickness  of  blue  clay  is  met  with  in  places, 
whilst  on  the  outskirts  of  the  hills  surrounding  them  it  is  only  ot 
slight  thickness,  and  rests  directly  on  the  auriferous  series.* 

The  first  discovery  of  "  cement "  \  was  made  some  three  or  four 
miles  south  of  the  earlier  alluvial  "  find,"  near  what  is  now  known 
as  the  "Boulder  Township,"  where  the  prospectors  found  rich 
patches  of  surface-dirt  and  cement,  and  located  several  strong 
quartz  croppings,  on  the  strength  of  which  the  Great  Boulder  and 
other  leases  were  "  pegged  out." 

The  quartz  veins  in  question  were  larger  than  those  previously 
referred  to  at  the  north  end  of  the  field,  but  turned  out  equally 
poor  and  uncertain,  and  it  was  ascertained  by  sinking  a  shaf)^ 
known  as  No.  3,  or  Gamble's  North,  in  the  eastern  part  of  the 
Great  Boulder  Proprietary  lease,  that  the  vein  that  had  been  found 
there  became  thin  and-  poor  at  a  depth  of  75  feet.  A  trench  was 
then  started  to  cut  a  big  ironstone  outcrop,  which  forms  a  hillock 
behind  the  present  company's  office.  But  the  ironstone  reef  was 
found  to  carry  only  about  12  dwt.  of  gold  per  ton,  which  was  too 
low  grade  in  those  days  to  pay. 

This  trench,  when  extended  further  west,  however,  penetrated 
another  vein,  which  had  no  visible  outcrop,  but  proved  to  be  the 
cap  of  the  eastern  portion  of  the  magnificent  lode  on  which  the 
company's  main  workings  are  situated,  which  has  been  mined  up 
to  the  surface.  The  "  formation  "  shown  in  the  "  open  cut "  at  this 
point  was  nearly  20  feet  in  width ;  but  was  buried  under  some 
2j  feet  of  "  cement." 

*  'The  So-olled  Lode  Formations  of  Hbikibii's  and  Telluride  Deposits,'  Tram. 
Inil.  of  Mming  and  Mttatturgy,  H.  P.  Woodwiril,  1897-1898,  voL  vi.  ' 

t  'The  Minerals  which  accompany  Gold,  and  their  Bearing  upon  Ihe  Richness  ol 
Ore  Deposils,'  Tram.  hut.  nf  Mining  and  Mtlal/w/o;  T,  A.  Rickard,  1397-1898, 
loL  ri,  p,  ao7. 
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The  Great  Boulder  Perseverance  had  a  somewhat  similar 
beginning.  The  vein  in  the  old  No.  i  shaft  turned  out  poor,  and 
was  abandoned,  but  the  rich  "  formation "  that  traverses  the 
adjoining  Lake  View  Consols  lease  was  found  later  on  capped 
with  cement,  which  concealed  its  existence,  and  it  has  since  been 
stoped  to  daylight. 

At  the  beginning  of  1898  great  excitement  was  caused  by  the 
pegging  out  of  a  number  of  claims  on  the  Ivanhoe  Venture  lease, 
by  Bray  and  party,  and  other  alluvial  men,  and  in  the  course  of 
the  year,  639  oz.  5  dwL  were  obtained  from  some  247  tons  10  cwt. 
of  cement "  crushed. 

What  was  thought  might  prove,  perhaps,  an  important  find  was 
also  made  in  May  1899,  in  the  northern  part  of  the  field,  on  lease 
1260  E,  on  the  property  of  the  Kalgoorlie  Mining  Developments 
Co.,  Ltd.,  where  the  first  alluvial  prospecting  shaft  sunk  (known  as 
No,  i)  bottomed  on  an  ironstone  "'  wash  "  (mixed  with  "pug  "  and 
concretionary  nodules  of  calcite),  about  10  feet  thick,  at  a  depth  of 
82  feet.  Other  shafts  sunk  in  this  lease  have  since  proved  the  exist- 
ence of  a  gutter  of  "cement  "running  apparently  in  a  north-east  and 
south-west  direction  at  a  depth  of  about  105  to  108  feet.  This 
cement  averaged  about  2  feet  in  thickness,  whilst  the  pay  channel 
varied  in  width  from  12  feet  to  31  feet  6  inches,  and  yielded 
*'  prospects  "  of  from  1 5  dwt.  to  an  ounce  and  a  half. 

Three  claims  located  upon  this  lead  up  to  the  end  of  December 
1899  produced  as  follows  : — 

'     1.  444  tons  of  cement  crushed  yielded  608  oz.  14  dwt.  12  gr.  of 
gold. 

2.  429  tons  yielded  427  oz.  6  dwt.  20  gr.,  and 

3.  350  tons  10  cwt  yielded  486  oz.  1 1  dwt.  6  gr. 

The  bullion  varied  in  value  from  3/.  i8j.  6ii.  to  4/,  is.  per  ounce. 

In  course  of  development,  several  strong  outcrops  were  also  un- 
covered, one  of  which  carries  a  dark-bluish  quartz,  and  from  the 
number  of  angular  pieces  of  rich  "  float "  of  a  similar  description 
that  have  been  found,  it  appeared  not  unlikely  that  following  this 
"  lead  "  up  might  result  in  the  discovery  of  a  payable  reef  or  reefs, 
in  this  section  of  the  Held  ;  but  so  far  the  efforts  made  to  do  so  have 
been  unsuccessful. 

Fig.  21,  produced  by  kind  permission  of  the  Company  from  a 
photo  taken  underground  in  these  workings,  gives  an  idea  of  the 
way  in  which  mining  is  carried  on  in  deposits  of  this  nature. 

F  2 
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Topographical  Features  of  the  Kalgoorlie  Field. 

Hannan's  Belt,  as  it  is  frequently  called  (in  the  centre  of  which 
Kaif;oorlie  is  situated),  is  a  long,  narrow  strip  of  country,  some  eight 
or  ten  miles  in  length,  folded  along  an  axial  line,  which  runs  in  a 
north-west  and  south-east  direction,  and  has  a  width  of  about  two 
miles. 

In  the  northern  half  of  this  district  a  number  of  leases  have  been 
taken  up  at  various  times,  on  quartz  lodes,  which  have  hitherto 


Fig.  21,— Undercround  Working  t\  an  Allvviai.  Claim, 

proved  of  little  or  no  value,  whilst  the  group  of  mines  which  have 
rendered  the  district  famous  are  of  a  totally  distinct  character,  and 
lie  about  four  miles  south-east  of  Kalgoorlie,  in  the  immediate 
neighbourhood  of  the  Bouider  township  before  referred  to. 

This  remarkably  rich  area,  which  possesses  a  length,  measured 
north  and  south,  of  about  a  mile  and  a  half,*  extends  from  Hannan's 
Brown  Hill  (considered  as  the  most  northerly  of  the  rich  proven 
mines)  to  the  Boulder  Main  Reef,  at  its  southern  extremity.     Its 

no(  directly  along  ihe  course  of  ihe  "forma- 
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maximum  width,  which  is  under  a  mile,  is  represented  by  a  north- 
east and  south-west  line,  extending  from  the  Oroya  (South  Block) 
lease  to  the  Ivanhoe- 

On  the  east  and  west,  the  entire  belt  of  country  included  in 
Hannan's  is  bounded  on  either  side  by  high,  rolling,  more  or  less 
parallel  ridges,  which  in  places  rise  into  hills,  on  the  eastern  rim  of 
this  basin  ;  whilst,  looking  west  from  the  Boulder  township,  on  the 
distant  horizon,  Mount  Burgess  may  be  seen  beyond  in  the  far 
distance,  a  conspicuous  object,  with  its  flat  top,  standing  some  400 
or  500  feet  above  the  plateau  at  its  base. 

Patches  of  low  scrub  and  a  few  stunted  eucalyptus  trees  (chiefly 
■'  Salmon  Gut "  and  "  Gimlet  Gum ")  dot  the  landscape  here 
and  there,  but  most  of  the  "  bush  "  between  Kalgoorlie  and  "  the 
Boulder  "  has  long  since  been  cut  down,  leaving  large  open  stretches 
of  ground  quite  bare. 

All  the  richest  mines  at  the  southern  end  of  the  field  are  grouped 
around  the  flanks  of  an  isolated  ridge,*  and  several  conical  hills  of 
about  the  same  height,  to  the  south-west  of  it,  which  break  up  the 
prevailing  level  of  the  surrounding  "  flats  " ;  so  that,  proceeding  from 
Kalgoorlie  along  the  Boulder  road,  you  gradually,  though  slowly, 
ascend,  until  you  reach  the  foot  of  the  Australia  hill,  the  ridge 
referred  to. 

The  north  end  of  this  ridge  (which  is  occupied  by  the  Kalgurli 
lease),  passes  southward  through  the  Associated,  Lake  View,  and 
Lake  View  South  leases,  and  springs  rapidly  up  from  1 50  to  200  feet 
above  the  rising  ground  surrounding  it 

I  lay  stress  on  this  feature  of  the  topography,  because  it  seems  to 
me  probable  that  these  hills  (the  summits  of  which  were  many  of 
them  covered  originally  with  ironstone  gravels,  passing  in  places 
into  compact  limonite)  mark  the  principal  centres  where,  through 
the  pressure  of  the  plutonic  rocks,  or  volcanic  agency,  the  main 
series  of  igneous  eruptives  (that  form  such  an  important  feature 
of  this  section  of  the  field,  and  to  which  the  telluride  deposits  seem 
to  owe  their  origin)  burst  their  way  through  to  the  surface ;  and, 
owing  to  their  superior  hardness,  have  since  escaped  being 
levelled  by  denudation. 

The  direct  effect  of  these  subterranean  disturbances  may  well 
have  been  to  crumple  up,  compress,  fault,  and  elevate  the  rocks  in 

*  This  [iilge  is  not  of  unirorm  height,  however,  being  crojtsed  by  several  "  necki," 
which  clivide  it  into  a  series  of  hngs'-biclis." 
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the  neighbourhood  where  they  were  most  active.  It  is  probably, 
therefore,  owing  to  this  fact,  that  the  largest  and  richest  ore-bodies 
found  have  been  discovered  on  or  in  the  neighbourhood  of  the 
broken  hilly  ground  above  referred  to,  which  dominates  the  surround- 
ing central  portion  of  the  basin,  running  in  a  direction  more  or  less 
parallel  with,  and  midway  between,  the  longer  axes  of  the  main  folds 
that  hem  it  in  on  the  east  and  west  South  of  this  auriferous  area, 
the  general  level  of  the  basin  falls  gradually  towards  Hannan's  Lake, 
a  lai^e  depression  or  "  clay-pan,"  in  which  water  is  only  seen  after 
a  heavy  rainfall ;  and  although  this  is  of  rare  occurrence,  a  consider- 
able quantity  of  salt  water  is  conserved  in  the  alluvial  sands  and 
clays  which  fill  its  bed. 

Many  of  the  Kalgoorlie  rocks  have  undergone  extreme  altera- 
tion, which  makes  the  identification  and  determination  of  their 
original  character  extremely  difficult,  and  until  the  "  held  observa- 
tions" of  the  Geological  Survey  and  the  Map  of  the  Field  (in 
preparation)  are  published,  definite  judgment  must  necessarily  be 
reserved  regarding  the  derivation  and  character  of  some  of  the 
Kalgoorlie  rocks  and  the  probable  genesis  of  the  "  lode-formations  " 
— points  upon  which  different  opinions  have  been  expressed  by 
different  geologists. 

The  rocks  of  Kalgoorlie  are  very  fully  described  in  a  recent 
Bulletin  (No.  6)  of  the  Geol<^ical  Survey  of  Western  Australia, 
which  contains  a  large  amount  of  new  and  interesting  information. 
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CHAPTER   IV. 

THE   KALGOORUE   DISTRICT. 

General  Geological  Features. 
Having  dealt  in  the  previous  chapter  with  the  "cement  "  deposits 
of  the  "  25-  mile,"  Kanowna  and  Kalgooilie,  and  the  topc^raphy 
of  the  last  named  district,  I  now  propose  to  give  a  brief  account 
of  its  geology. 

The  Underlying  Rocks. 

Engineers  in  a  gold  "mining  camp"  are  usually  so  occupied 
with  the  business  and  engineering  questions  that  beset  them,  that 
they  are  apt  to  relegate  the  consideration  of  the  geological  structure 
of  a  new  district,  to  such  time  as  it  attracts  sufficient  attention  to 
demand  a  proper  Government  survey.  Economic  geology  is, 
however,  a  matter  of  such  vital  importance  to  mine-owners  and 
investors  in  a  new  gold-tield,  that  engineers  cannot  afford  to  neglect 
the  study  of  the  mines  with  which  they  are  more  immediately  con- 
cerned, since  a  correct  understanding  of  the  geolt^y  and  vein- 
structure  "bf  the  district  will  often  mean  the  difference  between  a 
judicious  or  wasteful  expenditure  of  capital  upon  a  property  in  the 
course  of  its  development. 

In  this  way  many  interesting  facts  have  from  time  to  time 
been  placed  on  record  by  various  mining  men,  to  which  I  shall 
hereafter  refer ;  and  although  the  field  as  a  whole,  geologically 
speaking,  is  as  yet*  only  partially  surveyed,  the  telluride  zone 
(surrounding  the  Boulder  township),  as  will  be  seen  later  on,  has 
been  very  thoroughly  investigated  and  described. 

Mr.  C.  S.  Goczel,  Government  Geolc^ist,  reporting  on  the  Cool- 
gardie  Gold- Fields  (1894)  said  : — 

"  A  large  break  in  the  country,  consisting  principally  of  coarse- 
grained diorite,  extends  over  six  miles  from  N.N.E.  to  S.S.W.t 
near  the  township  of  Kalgoorlie,  and  encloses  a  countless  number  of 
lodes.     The  line  of  this  break  is  marked  by  low  ironstone  hills." 

*  The  G«oIc^ic>l  Snivey  of  Western  AostralU  have,  I  uDdeislaod,  a  complete  map 
of  the  iMtd  in  preparatioo. 

t  It  appears  to  nin,  more  properly  speaking,  N.W.  lo  S,  F,.— AUTHOft. 
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In  the  early  days  of  the  Kalgoorlie  field,  owing  to  the  schistose 
character  of  the  rocks,  seen  in  the  shallower  mine-workings,  they 
we're  frequently  described  as  "  schist "  and  "  slate,"  "  and  as  such, 
appear  at  first  to  have  been  regarded  as  ancient  sedimentary 
formations. 

Mr,  H,  Y.  L.  Brown,  who  visited  the  district  in  October  1895, 
describes  t  the  rock  formation  of  the  Kalgurl!  mine  as  consisting 
of'talcose,  ai^illaceous  and  chloritic  schists,  clay-slate,  hornblende 
slate,  and  hornblende  rock,  with  dense  and  crystalline  diorite  dykes, 
and  decomposed  dykes  of  a  granitic  character." 

HerrSchmeisser,  in  his  report  to  the  German  Government  on 
the  Gold-Fields  of  Australia,  %  seems  to  have  regarded  the  Kal- 
goorlie deposits  as  occurring  in  a  more  or  less  schistose  amphi- 
bolite.  In  this  connection  Mr.  Card§  points  out,  that  although 
the  specimens  taken  from  the  200-feet  level  in  the  great  Boulder, 
from  the  193-feet  level  in  the  Ivanhoe,  and  from  the  igg-feet  level 
in  Hannan's  Brown  Hill  (on  which  this  supposition  seems  to  have 
been  based),  may  be  hornblende-bearing  rocks,  they  may  have  been 
selected  as  less-altered  portions  of  "  country-rock,"  when,  in  reality, 
they  are  remains  of  amphibolite  dykes  ;  the  recent  investigations  in 
the  Departmental  laboratory  of  the  Geological  Survey  referred  to  at 
the  end  of  Chap.  IV.,  appear  on  the  other  hand  to  support  Bergrath 
Schmeisser's  conclusion. 

Mr.  Frank  Reed,||  Inspector  of  Mines  in  Western  Australia, 
makes  the  following  suggestive  observations  in  this  connection : — 
As  regards  "  the  dioritic  schist-rock,  which  is  a  characteristic  of 
the  Western  Australian  Gold-Fields,  the  writer  may  state  that  this 
formation  originally  consisted  of  massive  diorite  or  diabasG,T  but  by 
tangential  dynamic  pressure  it  has  assumed  aschistose  form.  These 
dioritic  schists  occur  as  breaks  in  the  Archxan  gneiss  and  granite, 
and  form  the  country-rock  of  the  West  Australian  Gold  Fields," 

•  P«ri»  of  these  formations  ocwsioii.il  ly  present  the  appewance  of  a  graphilic  date, 
which  ProreSGor  Kemp  (judging  from  specimens  submiited  lo  himbj  Mr.  BaDcroft)setnii 
to  have  consideied  a  true  slate  ;  ihej  ore,  however,  in  all  probabilily  altered  meta- 
morphosed clajF-ir  ck  ;  anil  Bar-'D  Oldruilenborgh  points  out  ihat  the  presence  of  graphite 
piay  be  accounted  for  by  hydrocarbons  emitted  from  the  magma  of  the  dykes  themsdvo. 

t  'Auriferous  Deposits  of  Western  Australia,'  South  Australian  ParliamfHiaty 
Paper,  No.  26,  1896, 

t  Die  GeldjeMrr  Aiisti atasiim,  Berlin,  1897. 

§  Kecords  q/H.c  Ceolpgical Suivty  of  N.S.1V.,  voL  vi.  part  J. 

n  '  Hydrolhermal  Gold  Depositi  of  Peak  Hilt,  Western  Auslralia,'  Tram.  }nst 
ej  Mining  Engineers,  1897,  vol.  xiv. 

1  A  basic  igneous  plutonjc  rock,  a  ciystalline  granular  compound  of  oligoclase, 
labradorite,  albite  or  annrthite,  with  pyrohene  and  some  chlorite  ;  specific  gravity  a'^  to 
2 '{) ;  silica,  43  lo  j6  per  cent. ;  colour,  dark  green. 
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Baron  Sloet  van  Oldruitenborgh  "  observes  that  it  must  not  be 
supposed,  however,  as  some  geological  authorities  hold,  that  the 
ore-deposits  occurring  in  these  "  formations "  are  to  be  regarded 
as  shattered  belts,  caused  by  faults  and  fracturing,  filled  in  at  first 
with  a  compressed  breccia  provided  by  their  own  crushed  walls, 
and  subsequently  mineralised  through  hydrothermal  action. 

Speaking  generally  of  Western  Australia,  amongst  other  facts 
opposed  to  such  a  theory,  he  mentions  that  the  filling  of  the  lodes, 
though  often  of  very  similar  nature  to  the  enclosing  rocks,  is 
frequently  entirely  different,  as,  for  instance,  syenite-porphyry  inter- 
bedded  between  hornblende-schist ;  vesicular  trachyte  between  mas- 
sive diabase  walls  ;  andesite  between  hornblende-schist ;  melaphyre 
between  massive  diabase  walls,  etc.,  and  adds  that  the  lode-filling, 
though  as  a  rule  schistose,  and  sometimes  foliated,  presents  most 
marked  flowing  structure,  or  corrugated  laminations,  running  strictly 
parallel  to  the  capricious  sinuosities  of  the  walls  of  the  ore-bodies. 

He  regards  the  formations  as  dykes,  and  the  gold  they  contain 
as  having  been  derived  originally  from  igneous  inclusions,  rather 
than  from  fumeroles  emitted  from  depth,  though  fumeroles  (at 
first  chiefly  haloid  and  later  on  of  a  sulphide  type)  emitted  during 
consolidation  of  the  magma  of  the  dykes  may  have  played 
accessory  parts  tn  depositing  the  gold.  He  summarises  the 
gec^ony,  i.e.  history,  of  these  auriferous  dykes  as  probably  having 
been  as  follows : — 

1.  The  ascent  through  some  fracture  in  the  earth's  crust  of 
an  eruptive  magma,  carrying  auriferous  sulphides,  tellurides  and 
possibly  some  native  gold. 

2.  All  the  primitive  cracks  existing  within  the  country  rocks,  as 
well  as  the  more  porous  parts  of  adjoining  rocks,  are  mineralised  by 
fumeroles. 

3.  Final  consolidation  of  the  magma  composing  the  dyke ; 
contraction  cracks  are  generated,  affecting  only  the  dyke.  First 
action  of  very  hot  mineral  solutions  silicifying  and  mineralising 
all  these  cracks. 

4.  Contraction  fissures  occur  within  the  adjoining  country  recks, 
which  now  and  then  penetrate  the  dykes  or  run  along  one  of  their 
walls.  Hydrothermal  circulations  mineralising  all  these  secondary 
fissures. 

5.  Afler  final  cooling  of  the  whole,  orogenical  movements  gene- 

*  *  TechnicBl  ObserrstioDs  upon  the  Coolgudie  Gold. Fields,'  Tht  Mining  J eurnal, 
London,  1897. 
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rate  fractures  which  cross  both  the  dykes  and  the  country ;  action 
of  very  poor  and  rather  cool  mineral  solutions  silicifying  all  these 
fractures. 

6.  Surface  erosion  disperses  the  gold  previously  carried  within 
the  denuded  belts,  disseminates  it  over  the  surrounding  country, 
producing  alluvial  and  seolian  deposits, 

7.  Decomposing  action  of  oxygenated  and  carbonated  surface 
water,  causes  alteration  of  the  minerals  in  the  upper  levels  uf  the 
dykes. 

Mr,  G.  J.  Bancroft  *  remarks,  that  "  the  rich  area  of  Kalgoorlie 
is  characterised  by  a  bluish  tinge  of  the  rocks,  while  the  rocks  of 
the  barren  ground  surrounding  it  have  a  greenish  tinge.  The  local 
mineralogists  have  considered  the  two  shades  as  different  altera- 
tions of  the  same  rock,  and  have  given  the  name  of  dioritc  to  both." 

"  It  has  been  su^ested  that  the  blue  stone  \  (referring  probably 
to  the  grey  rock  mentioned  later  on)  is  a  later  eruptive,  and 
that  to  the  influence  of  this  eruption  the  mineralisation  of  the 
camp  was  due." 

"  Professor  Kemp  has  determined  the  blue  stone  to  be  a  much- 
altered  basic  eruptive,  which  is  now  serpentine  X  find  chlorite. 
The  green  stone,  as  determined  at  Perth,  is  essentially  the  same, 
except  that  there  is  a  little  olivine  present." 

Mr.  Bancroft  also  lays  stress  on  the  presence  of  certain  "dykes  " 
in  this  field,  which  he  observes  Professor  Kemp,  of  the  Columbia 
School  of  Mines,  classes  as  a  "  pyroxenite  "  §  (composed  mainly  of 
tremolite and actinolite),  and  he  goes  on  to  add  :  "Associated  with 
the  veins  are  lenticular  bodies  of  graphitic  slate.  These  have 
been  called  eruptives  by  some,  but  Professor  Kemp  has  determined 
the  rock  to  be  a  true  slate,  probably  an '  altered  and  meta- 
morphosed clay-rock." 

As  regards  this  latter  point,  the  following  description,  given 
by  Mr.  Pittman,  ||  seems  to  indicate  that  the  sedimentary  origin 
of  this  so-called  slate  is  open  to  some  question,  as  he  says : 
"  Along  the  western   side  of  the    Boulder   Field   and    parallel  to 

•  '  Kalgoorlie,  Western  Aortndia,  and  iu  Surroundings,'  by  G.  J.  Bancroft,  Tram. 
Am.  Insl  0/ Mining Enginars,yiA.  xxvUi. 

t  The  author  cannot  sjy  ihal  any  rock  eimctly  answering  to  this  description  cam« 
under  his  own  observaliun. 

X  HydiateJ  tilicale  of  magnesia,  frequently  resulting  from  the  decomposition  of  the 
olivine  in  igneous  eruptive  rockt 

§  Pyroxene  (augite)  is  particularly  characteristic  of  the  volcanic  igneous  locks, 
whilst  hjinbknde  is  more  often  a  constituent  of  the  plutonic  series  {  but  hornblenile  veiy 
commonly  arises  as  a  partial  or  complete  rcplMemeni  of  augite,  being  developed  from 
it  by  paramorphic  change,  and  buth  tremolite  and  actinolite  are  noQ-alumioous  varieties 
of  hornblende.  \  Rccstds  nf  thi  Gtelegieal  Survey  ef  N.S.W.,  vol.  vi.  part  i. 
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the  dykes,  there  extends  a  narrow  belt  of  jasperoid  "  and  chalcedonic 
rocks,  of  varying  colours,  and  in  conjunction  with  this  is  a  bed  of 
black  carbonaceous  slate.  These  rocks  are  seen  outcropping  near 
Hannan's  Lake,  where  they  stand  up  from  the  surface  like  a  wall. 
An  examination  of  this  outcrop  shows  that  in  places  the  slate  is  in 
process  of  replacement  by  white  chalcedony.  Neither  the  jaspers 
nor  the  slates  are  visible  on  the  surface  far  north  of  Hannan's 
Lake,  but  they  have  been  met  with  in  shafts  in  several  places 
along  the  west  of  the  principal  mines,  thus  proving  the  continuity 
of  the  beds  for  at  least  4  miles.  It  seems  probable  that  these 
jaspers,  etc  mark  a  contraction  fissure  along  the  western  boundary 
of  the  dykes  ("  formations  "),  and  that  the  silicification  has  been 
caused  by  the  ascent  of  thermal  solutions  along  the  course  of  the 
fissure."  Many  of  the  plutonic  rocks,  it  may  be  observed,  develop 
a  slaty  or  schistose  structure.  On  the  ot'her  hand,  Mr.  E.  S. 
Simpson's  more  recent  investigations  point  to  the  existence  of  a 
group  of  ancient  and  highly  metamorphosed  sedimentary  rocks  in 
this  section  of  the  field,  vide  footnote-f 

The  facts  noted  by  other  observers  also  appear  to  confirm  what 
has  already  been  said. 

Mr.  Harrison  F.  Bulman,}  describing  the  Boulder  area,  says : 
"  It  consists  of  several  highly  productive  gold  belts  or  lodes  with 
unproductive  or  less  productive  ground  between,  the  whole  being  a 
mass  of  igneous  eruptive  rocks  of  great  age.  The  productive  belts 
have  a  general  course  of  north-north-west  and  south-south-east," 
and  there  is  evidence  of  a  long  line  of  fracture  traversing  the 
country  for  many  miles. 

Mr.  Geoige  W.  Card,  A.R.S.M.  (the  mineralogist  of  the  Geo- 
logical Survey  of  New  South  Wales)  made  a  careful  microscopical 
examination  of  a  number  of  specimens  of  country  rock,  and  of 
the  ore-bodies  obtained  from  ten  of  the  principal  mines,§  which 
were  submitted  to  him  by  Mr.  William  Frecheville  and  Mr.  Edward 

*  Some  felutic  rocks  closely  resemble  jasper,  which  is  a  compnct  vahety  of  quarti, 
frequently  variegated  in  colour.  In  Bullelin  No.  6  of  the  Geological  Survey  of  Wistem 
Auttraiia,  p.  76,  it  is  stated  that  Mr.  W.  D.  Campbell's  ins-eitiBStioai  in  the  field  poial  to 
tbe  pawibihtf  of  some  of  the  accompanyinE  graphitic  rocks  beiog  "foliated  greenstones." 
f  Mr.  Simpson,  however,  says  :   "  Surmunded  on  all  sides  by  the  igneous  rocks  and 

-• '  -  high  angle  are  a  series  of  sedimcnlaiy  rocks,  ranging  on  the  one  band  from 

a  ajasperoiil  slate,  and  on  the  other  ftoni  a  sandstone  to  a  flinty  quattzite. 

The    Kalgoorlie    Gold    Mines,   Western     Australia,'     Tram.   Iitsl.  of     Mining 


Engtnari,  • 


\.  most  ioteieating  and  detailed  account  of  these  investigations  is  given  in  'Notes 
«n  the  Connlry  Rock  of  the  Kalgoorlie  Gold  Field,  Western  Australia,'  by  G.  W.  Card, 
A.R.S.M.,  Rtcord4  oflkt  Gcot,  SuruQi  of  Neia  South  Wala,  vol,  iv.  Part  I,  1890. 
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F.  Pittman    (the   Government   Geologist  of  New  South   Wales), 
who  visited  the  district  in  1897, 

These  investigations  showed  that  the  country  rock  is  the  same 
throughout  the  field,  and  that  the  "  ore-bodies "  are  simply  more 
highly -altered  rock  of  the  same  character.  Its  recognisable 
minerals,  according  to  Mr.  Card,  are  quartz  (primary  and  secon- 
dary), felspar  (orthoclase  and  plagioclase),  titaniferous  iron-ore  (with 
leucoxene),"  magnetite,  pyrites,  carbonates  (calcite,  etc.),  apatite,! 
chlorite  and  sericite  ;  f  of  these,  quartz,  felspar,  tlmenite,  magnetite 
and  apatite  may  be  regarded  as  primary. 

Mr.  Edward  F.  Pittman,  A.R.S..M.  further  remarks  §  that  the 
rock  which  lies  immediately  beneath  the  ironstone  gravels  which 
cap  the  Boulder  hills  at  first  sight  appears  to  be  a  bluish-grey 
micaceous  or  talcose  schist,  which  in  places  is  intersected  by  dykes 
of  diorite,  and  also  by  irregular  quartz  reefs ;  but  in  reality,  the 
"  country  rock  "  merely  differs  to  a  slight  extent  from  the  igneous 
dykes  which  constitute  the  so-called  "lodes,''  both  as  regards  the 
proportion  of  its  component  minerals  and  the  amount  of  alteration 
it  has  undei^one. 

The  Author's  obsen'ations  on  the  geology  of  the  field,  which  he 
visited  in  January  1898,  correspond  very  closely  with  the  excellent 
description  given  of  it  by  Mr.  William  Frecheville,||  who  observes, 
that  two  prominent  varieties  of  country  rock  may  be  noticed  in 
depth  in  the  undei^round  workings  of  the  various  mines.  That 
which  forms  the  country  rock  in  the  deeper  workings  of  the  western 
mines,  such  as  the  Ivanhoe,  Golden  Horseshoe,  Great  Boulder, 
and  Lake  View,  and  also  the  predominating  country  rock  of  the 
whole  belt,  is  "a  fine-grained,  green,  massive  rock,  of  only 
moderate  hardness,  being  easily  scratched  by  a  knife,  with  a 
homogeneous  appearance,  although  on  looking  very  closely  into  it, 
very  fine  specks  of  glassy  quartz,  of  a  black  metallic-looking  mineral, 
and  an  occasional  speck  of  pyrites,  can  be  seen  here  and  there." 

"  The  other  rock,  of  a  grey  appearance,  was  noted  in  the  more 
eastern  mines,  such  as  the  Australia,  Kalgurli,  etc.  This  rock  has 
generally  a  homogeneous  appearance,  and  although  of  a  distinct 

•  Decomposition  products  of  ilmeiiile  not  recogniaable  ns  sphene. 

t  3  Ca,P,0,  -H  Ca  (C1,F,). 

X  A  green  oiincral  of  silky  lustre,  allied  to  mica,  of  which  it  is  probably  a  secondary 
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colour,  has  a  good  deal  of  resemblance  to  the  green  variety,  both 
in  its  low  degree  of  hardness,  its  texture,  and  in  having  fine  specks 
of  pyrites  and  of  a  black  metallic-looking  mineral  scattered 
through  it," 

Both  rocks  effervesce  briskly  when  treated  with  acid,  owing  to 
the  presence  of  a  considerable  amount  of  carbonate  of  lime. 
Sometimes,  as  in  the  Australia  workings,  both  varieties  of  rock  are 
met  with  in  the  same  mine. 

Samples  of  the  green  rock,  from  the  Lake  View  and  Great 
Boulder  mines,  were  submitted  to  Mr,  Card,  who  describes  it  in  a 
letter  addressed  to  Mr.  Frecheville  as  a  highly-altered  acid  igneous 
rock,  either  granite  or  porphyry,  probably  the  latter. 

"  The  ore  is  the  same  rock,  only  still  more  altered,  having  had 
schistosity  imparted  to  it  as  an  effect  of  the  intense  crushing." 
Ilmenite  was  found  to  be  present  in  both  samples  of  the  country 
rock,  especially  in  that  from  Lake  View.  Regarding  samples  of 
the  grey  rock  from  the  Australia  and  Kalgurli,  Mr.  Card  remarked 
that  it  appeared  to  be  a  highly-altered  granite,  containing  magne- 
tite in  addition  to  pyrites ;  whilst  the  sample  from  the  Australia 
East  lease,  whilst  evidently  also  a  highly-altered  igneous  rock,  is 
more  of  a  felsitic  than  a  granitic  character,  quartz  being  absent. 

Detailed  descriptions  of  a  number  of  specimens  of  these  rocks 
are  given  by  Mr.  Card  in  the  paper  previously  mentioned  ;  and 
summarising  his  observations  on  the  particular  samples  submitted 
to  him  from  the  Australia  and  Ivanhoe  mines,  by  Mr.  William 
Frecheville,  it  would  appear : — 

1.  That  the  unaltered  country  rock  is  generally  soft,  of  a  green 
colour,  and  has  a  schistose  structure,  which  sometimes  occasions  a 
considerable  amount  of  fissility.  The  divisional  planes  exhibit 
a  silvery  sheen,  due  to  the  development  of  secondary  mica. 

2.  That  it  is  evident,  from  its  mineralogical  constitution  and 
structure,  that  this  rock  is  of  igneous  origin  ;  quartz,  felspar, 
ilmenite  and  magnetite  are  among  the  original  constituents,  and 
that  characteristically  igneous  structure,  the  micro -pegmatitic,*  so 
common  among  the  acid  eruptives,  is  sometimes  well  shown.  The 
green  coloration  is  due  to  chlorite,  which  acts  as  a  pigment  when 
finely  disseminated,  as  it  generally  is. 

3.  That  there  is  no  difference  between  the  country-rock,  which 
constitutes  the  hanging  and  foot-walls  of  the  deposits,  and  conse- 

1  in  granite,  the  cleavage 
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quently  these   "  formations "  cannot  be  classed   as  "  contact  de- 
posits." 

4.  That  it  is  of  an  acid  character,  probably  a  quartz-felspar- 
porphyry,"  but  may  approximate  to  a  granite  in  places. 

5.  That  the  rock  has  undergone  great  alteration,  both  chemical 
and  mechanical,  and  it  would  appear  probable  that  deep-seated 
alteration  occurred  prior  to  the  lateral  crushing  which  was  one  of 
the  causes  that  imparted  to  the  rock  its  fissility  and  schistose 
structure.  Subsequently,  solutions  containing  metallic  salts,  silica, 
carbonate  of  lime  and  magnesia,  and  possibly  alumina,  permeated 
the  rocks,  depositing  their  contents  in  the  spaces  resulting  from  the 
crushing  and  shrinkage  that  must  have  taken  place,  as  well  as  by 
pseudomorphous  replacement. 

6.  That  the  lode  "  formations  "  represent  belts,  along  which  these 
effects  have  been  most  severe,  and  the  deposition  of  secondary 
material  most  abundant.  They  are,  in  fact,  similar  in  character  to 
the  country  rock  they  traverse,  but  are  more  highly  altered. 

7.  That  whilst  there  is  no  doubt  that  diorite  dykes  exist  in 
places  on  the  field,  it  is  a  misnomer  to  apply  this  descriptive  term 
to  the  series  of  eruptive  rocks  which  are  associated  with  the  principal 
ore-deposits  at  Kalgoorlie,  simply  because  some  of  them  happen 
to  be  of  a  green  colour. 

As  Mr.  Card  remarks,  the  misuse  of  the  term  is  due  to  the  fact 
that  diorite  is  a  rock  to  conjure  with  amongst  Australian  miners, 
owing  to  gold-reefs  being  frequently  found  associated  with  diorite 
dykes ;  consequently  it  is  especially  desirable  to  find  diorite 
when  a  property  is  to  be  placed  on  the  market. 

Two  specimens  that  seem  to  me  of  particular  interest  are 
referred  to  by  Mr.  Card,  as  illustrating  points  to  which  attention 
has  been  previously  called. 

One,  numbered  8508,  country  rock  from  the  140-feet  level  of 
the  Australia  East  lease,  described  as  "  fiesh-coloured,  pyritous, 
and  conspicuously  spotted  with  tron-ores.  It  is  fairly  hard,  and 
shows  a  general  effervescence  when  treated  with  dilute  acid.  A 
calcareous  vein  traverses  the  rock.  With  a  lens,  blebs  of  quartz 
may  be  seen,  and  the  whole  has  a  felspathic  appearance. ,  Under 

•  The  recent  invesligations  of  Mr.  E.  S.  Simpson  (Bulletin  tio.  6  of  ihe  Geological 
Suivey  of  Wesiern  Australia,  p.  65),  who  appears  10  have  fonnecly  shaied  this  opinion, 
lead  him  10  believe  that  what  weie  formerly  thought  to  be  acidic  porphyries  aie  really 
altered  amphibolites,  in  which  the  plagiocjase  tv  frequently  conveilid  into  iaussurile,  and 
illitian  (e  into  leucosceiie.  He  remarks  thai  (iociel  and  Schneider,  who  were  the  first  lo 
critically  examine  (hese  rocks,  looked  upon  ihem  as  altered  ptagioclase-pyroscene  diabase. 
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the  microscope,  the  great  importance  of  this  specimen  becomes 
evident,  as  it  may  give  the  clue  to  the  interpretation  of  all  the 
others.  Although  highly  altered,  it  is  a  quartz-orthoclase-plagio- 
clase  rock  *  with  a  granite  structure,  and  would  be  termed  granite 
by  some  petrologists.  The  readily  recc^isablc  minerals  present 
are  quarts,  orthoclase,  plagioclase,  magnetite,  titaniferous  iron-ore, 
cakite  and sericitic  mica'' 

The  other  specimen,  No.  8458,  is  from  a  dyke  traversing  the 
North  Kalgurli,  and  traceable  for  a  considerable  distance.  This  is 
totally  difTerent  from  any  of  the  other  rocks  described.  "  It  is  a 
dark-green  and  t^que-white  mottled  rock,  with  a  specific  gravity 
of  3." 

"  No  metallic  minerals  are  visible  tn  it  Under  the  microscope 
it  is  seen  to  consist  principally  of  pale  actinoHtic  hornblende,  with 
very  dusky  felspar,  quartz  and  some  apatite." 

"  In  its  present  condition  it  is  undoubtedly  almost  entirely  re- 
constructed, and  may  be  termed  an  amphibolite.  To  some  extent 
the  hornblende  shows  nuclei  of  a  brown,  striated,  slightly  pleo- 
chroic  t  mineral.  This  would  appear  to  be  diaUagic  in  character, 
and  from  it  the  hornblende  has  probably  been  formed."  This  rock 
has  no  connection  with  the  ore-deposits. 

Broadly  speaking,  after  carefully  considering  the  microscopical 
and  chemical  evidence  afforded  by  specimens  of  ore  and  country 
rock  collected  from  various  levels  and  di^erent  mines  on  the 
KaJgoorlie  field,  and  examined  by  Mr.  Card,  the  following  gene- 
ralisations would  seem  to  be  permissible  : — 

*  The  folloiriDg  Uble,  given  by  Piof.  John  W.  Judd,  C.B.,  F.R.S., Lectures  R.S.M., 
1879,  ibows  the  chuncler  of  the  variom  cUsses  of  felspars  : — 

...       /  Orthockse  IC,0  At,0,  (SiOt).    monoclinic 
^'"'-     iAlbile        Na.OA1.0.(SiO,U^din«. 
Buic  :  Anorthile  {CaO),  {A1,0.}.  (SiO,)./ 
Orlhoclaitic. 


on''~^{i;;s}i><*^'*p"- 


Microcline 

.      .      .     potash  felspar. 

Loioclase  . 

„      soda  felspar 

AIMW 

,      .      .     soda  felspar. 

OligocUsc 

.      .      .        „    lime  felspar. 

.      .     .     lime-soda  felspar. 

Anoitliite  . 

.     .     .     lime  felspar. 

t  Minerals  whkh  exhibit  (wial  colours  with  a  dichroscope. 
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1.  That  the  country  rock  throughout  the  field  seems  to  belong 
practically  to  one  type,  containing  invariably  titaniferous  iron-ore, 
quartz  and  white  mica. 

2.  The  rock  is  of  igneous  origin,  as  shown  by  its  pegmatitic  or 
graphic  structure  and  mineralc^cal  constitution,  and  the  extreme 
alteration  it  has  undergone  in  depth  proves  its  antiquity,  in  evidence 
of  which  Mr.  Card  cites  slide  8433  (a  sample  from  the  Great  Boulder 
mine),  in  which,  titaniferous  iron-ore  is  seen  converted  into  opaque 
yellowish-white  products,  the  original  silicates  have  been  largely 
replaced  by  sericitic  material,  and  the  primary  quartz  has  been 
split  up  into  groups  of  fragments  or  completely  absorbed. 

3.  The  deep-seated  alteration  that  the  country  rock  has  under- 
gone, seems  rather  to  have  been  of  a  chemical  than  a  cataclastic 
nature  (as  it  affords  little  evidence  of  shattering),  and  was  pro- 
bably  induced  under  the  influences  of  h^h  temperature  and 
steady  pressure.  Subsequently  mountain-making  forces  exerted 
themselves  along  certain  lines  of  weakness,  shearing  and  crush- 
ing the  rock  to  some  extent,  inducing  foliation  in  the  sericite, 
which  has  produced  a  certain  amount  of  fissility  in  the  rock,  but 
not  sufficiently  pronounced  to  cause  a  general  foliation  and 
convert  it  into  a  true  schist. 

4.  Subsequent  intrusions  of  other  and  more  basic  eruptjves, 
represented  by  the  amphibolite  and  diorite  dykes  previously  alluded 
to,  probably  wrought  further  changes  in  the  earlier  eruptives  and 
the  ore-bodies  they  contained,  through  the  influence  of  contact 
mfetamorphism. 

5.  The  general  absence  of  hornblende,*  and  the  constant  presence 
of  quartz,  points  to  the  original  eruptive  rocks  having  been  of  an 
acid  character,  and  precludes  the  possibility  that  they  could  have 
belonged  to  the  intermediate  class  of  rocks,  known  as  quartz- 
diorites.  In  some  cases,  their  structure  appears  to  have  been 
granitic,t  in  others  porphyritic  J  or  felsitic  §  :  one  specimen  (8462) 
in  particular,  from  the  Lake  View  and  Boulder  Junction  mine, 
resembling  a  felspar-porphyry  ;  but  the  presence  of  titaniferous  iron 
links  it  with  the  other  specimens. 

R^arding  the  geology  of  this  area  in  its  broadest  aspect,  it 

•  Recent  invesligatiuns  show  Ihe  exisleoce  of  nn  impocUni  scries  of  hornblende  rocks 
(uupliibolites)  on  tbe  field,  and  it  ii  now  thought  that  tbe  greenstones  and  chlorite  Kbists 
•re  altered  homblendic  rocks.  The  imphiboliles  are  usually  classed  as  melamorphic, 
and  the  greenstones  as  plulunic  rocLcs;  and  the  bornblende-porphyrilei  belong  to  th« 
basic  igneous  plutonic  rocks.  t  Holocrystalline. 

X  Some  of  ita  crystalline  cocstitueots  developed  on  a  larger  scale  than  the  rest. 

{  Compact,  with  a  micro,  granitic,  iithoidal  or  glassy  ground  mass. 
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appears  to  be  a  very  ancient  complex  of  acid  eruptive  rocks,  in 
some  parts  granitic,  in  others  porphyritic  or  felsitic,  in  structure, 
which  has  undergone  intense  alteration  under  the  influence  of 
chemical  changes  combined  with  metamorphism,  which  would 
naturally  result  from  the  immense  pressure  and  high  tempe>ature 
prevailing  at  great  depths  within  the  earth's  crust. 

This  belt  of  acid  rock  was  penetrated  subsequently  by  other  and 
more  basic  eniptives,  represented  by  the  amphibolites  and  diorite 
dykes  previously  referred  to,  which  have  undergone  a  parallel  and 
similar  process  of  deep-seated  alteration. 

Mountain-making  forces,  which  later  on  manifested  themselves 
along  lines  of  weakness,  afterwards  resulted  in  shearing  and  crushing 
the  rocks  (of  whatever  description)  along  these  lines,  and  produced 
partial  foliation,  aided  no  doubt,  to  some  extent,  by  crystallisation 
under  pressure  during  their  primary  cooling;  whilst,  at  the  same 
time,  mineral  solutions  doubtless  penetrated  along  the  divisional 
planes  of  this  sheared  zone  of  country,  giving  rise  to  some  of  the 
ore-bodies.  The  gold  they  now  contain  may  possibly,  however, 
have  been  originally  derived  partly  from  inclusions  in  the  liquid 
igneous  magma  and  to  a  less  extent  from  fumeroles,  as  su^ested 
by  Baron  Oldruitenborgh. 

It  is  probable  that  this  district  may  have  been  very  elevated  in 
early  geological  time,  and  it  has  apparently  never  since  been 
beneath  the  sea ;  but  the  disturbance  of  the  deep-seated  rocks  no 
duubt  extended  to  the  surface,  facilitating  the  agencies  of  erosion, 
which  have  reduced  it  to  a  table-land,  and  would  have  laid  these 
deposits  bare,  had  not  the  absence  of  running  water  permitted  the 
accumulation  in  situ  of  the  products  of  atmospheric  weathering. 

If,  as  has  been  alleged,  true  sedimentary  slate  containing  fossils 
existed,  the  Archsean  age  of  these  Kalgoorhe  rocks  might  be  open 
to  question ;  but  in  default  of  better  evidence  than  has  yet  been 
produced,  they  may  be  regarded  as  such  at  present 

Mr.  Card  has  pointed  out  that  in  some  respects  the  broad  strati- 
graphical  features  of  this  area  would  seem  to  bear  a  general  kind 
of  resemblance  to  those  of  Rhodesia,  as  described  by  Messrs. 
Hatch  and  Chalmers,"  who  state  that  the  metamorphic  rocks  and 
schists  which  constitute  the  gold  belts  of  the  country  occur  as 
broad  bands  and  patches  in  granite  ;  chlorite  and  hornblende  schists 

*  *  Notes  on  Ihe  Geology  of  Mnshonaland  and  Malnbeleland,'  Gtv/.  Mag.,  1895,  ii 
(*l  (-  '95- 


,v  Google 


82  Gold  Mining  and  Milling 

occur  which  are  r^arded  as  having  derived  their  foliated  structure 
from  a  mechanical  process  analogous  to  "shearing,"  referable  to 
crust  movements  along  zones  of  weakness.  Their  explanation  is 
that  earth  shrinkage  first  permitted  the  extrusion  of  igneous 
rocks,  and  then,  continuing  along  the  same  line,  converted  them 
into  schists,  and  some  of  the  granite  into  gneiss,  at  the  same  time 
opening  fissures,  in  which  quartz  was  deposited.  They  consider 
that  there  is  an  intimate  connection  between  the  schists  and  the 
quartz,  and  that  the  ore  will  continue  in  depth. 

General  Cliaracter  of  the  Ore  Deposits. 
These  may  be  divided  into  two  distinct  classes  : — 

1.  True  quartz  veins. 

2.  "Lode  formations,"  "  consisting,  as  already  explained,  of  the 
remnants  of  ancient  igneous  eruptives  which  may  have  produced 
perhaps  in  some  cases  crushed  zones  of  country  that  have  become 
mineralised  in  consequence.  These  formations  carry  more  or 
less  defined  ore-bodies  (sometimes  of  a  more  or  less  quartzosc 
character)  impregnated  with  "mineral,"  which  has  been  de- 
posited along  lines  of  weakness  (caused  both  by  compression  and 
shrinkage)  on  joint  or  fault  planes,  and  in  zones  or  bands  (due  to 
replacement  along  foliation  or  cleavage  planes)  within  the  dykes  ; 
but,  with  little  ordinary  characteristic  gangue  material  distinguishing 
the  ore  from  its  matrix. 

Quarts  Veins. 
As  regards  this  first  class,  little  need  be  said,  as  they  have 
already  been  referred  to,  and  sufficiently  fully  described  ;  but  Berg-., 
rath  Schmeisser  remarks  that  in  quartz  veins  consisting  of  a  dark 
colour,  particularly  of  a  yellowish,  brownish  variety,  the  gold  is 
generally  very  finely  distributed  through  the  entire  mass  ;  while  in 
the  white  or  milky-white  quartz,  on  the  other  hand,  the  gold  is 
generally  in  coarse  specks  and  angular  pieces  in  the  cleavage  planes 
of  the  ore.  It  is  only  necessary  to  add  that,  speaking  generally,  in 
this  district,  one  of  the  most  marked  features  of  veins  of  this  kind 
is  their  superficial  enrichment,  sometimes  in  pockets  t  and  sometimes 

•  Termed  liy  Bergralh  Schmeisser  "composite  veins." 

t  As  examplea  of  this,  one  might  instance  ihe  Londooderrj  specimens  eibibited 
in  London,  consisting  of  gold  mixed  with  a  lillle  qnartz ;  and  Professor  Schmeisser 
mentions  that  a  lump  of  gold  weighing  303  oz.  10  dwt.  was  discovered  in  the  outcrop  of 
a  Ultle  quartz  leader  at  Ihe  Devon  ConHiU  claim,  near  the  Black  Flag,  6  feel  below  Ihe 
surface. 
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for  continuous  stretches,  which,  as  compared  with  quartz  veins  in 
other  parts  of  the  world,  is  exceptionally  strongly  marked. 

Commenting  on  this  peculiar  fact,  Mr.  H,  C.  Hoover  says"  : — 
"  There  are  many  quartz  mines  of  value,  the  exploitation  of  which 
has  proved  the  values  to  continue  in  depth  ;  but  the  hare  fact  that 
of  161  mines  'promoted'  on  quart!^  veins  in  these  districts,  only 
seven  or  eight  have  proved  successful,:  is  evidence  on  this  point ;  for 
one  must  believe  that  the  surface-indications,  in  the  majority  of 
these  cases,  gave  some  basis  of  hope."  Many  inslances,  he  adds, 
occur  to  the  author  in  which  the  mines  above  the  50-feet  level  did 
offer  extraordinary  prospects.  Other  proofs  of  superficial  enrich- 
ment lie  in  the  common  occurrence  near  the  surface  of  gold  in  the 
cleavage  planes,  and  loose  gold  along  the  walls. 

The  agencies  which  produced  this  enrichment  are,  however,  more 
obscure  than  in  the  case  of  the  second  class  of  deposits,  and  it  yet 
remains  to  be  proved  whether  some  mines  which  have  been  rich  at 
surface,  "  after  passing  through  a  barren  or  poor  zone,  may  not  strike 
it  rich  again  in  depth;  the  Great  Fingall  appears  to  be  a  case 
where  this  has  happened  ;  and  in  the  East  Murchison  United  there 
appears  to  a  poor  zone  below  rich  shoots  in  the  upper  workings." 

Lode  Formations. 

The  ore  deposits  of  the  second  class  are  chiefly  exemplified  by 
a  central  group  of  eight  or  nine  phenomenally  rich  mines  within  an 
area  of  less  than  a  square  mile,  surrounded  by  a  slightly  larger 
number  of  properties  of  second  rank,  situated,  as  already  said,  in 
the  immediate  neighbourhood  of  the  Boulder  township,  south-east 
of  Kalgoorlie. 

With  the  single  exception  of  Hannan's  Brownhill  (a  mine 
which  must  be  included  in  the  first  rank),  and  perhaps  in  one 
or  two  other  instances  outside  of  this  central  area,  that  promise 
fairly  well,  there  is  so  far  no  evidence  of  the  extension  or  re- 
currence of  similar  deposits. 

The  "lode-formations"  appear  to  represent,  Mr.  Card  remarks, 
"  belts  along  which  the  crushing  effects  have  been  most  severe,  and 
the  deposition  of  secondary  material  more  abundant ; "  and  he 
appears  to  regard  them,  as  being,  merely,  more  highly-altered 
portions  of  the  country  rock,  which  present  evidence  of  considerable 
dynamic  disturbance,  exhibiting  numerous  "  false  walls,"  and,  as 
•  'The  Superficial  Alteration  of  Western  Aiutralian  Ore  Deposits,' by  H.  C.  Hoover, 
Tram.  Am.  Imt,  g/  Mining  Eaginari,  vol.  iiviii. 
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some  consider,  brccciated*  shattered  zones, that  furnished  channels 
for  the  percolation  of  the  solutions,  which  mineralised  the  ore-bodies 
in"  such  a  way,  that  they  present  many  of  the  features  of  "  stock- 
werks," 

The  theory  that  Baron  Oldruitenborgh  has  suggested,  that  the 
main  "  formations  "  represent  the  remnants  of  a  series  of  ancient 
dykes,t  of  very  similar  composition  to  the  original  eruptive  mass 
that  they  subsequently  penetrated,  does  not,  however,  appear 
incompatible  with  the  facts  that  have  been  mentioned.' 

The  main  system  of  these  "  lode-formations  "  forms  a  group  of 
more  or  less  parallel  "ore-bodies,"  which  follow  a  north-west  and 
south-east  course,  traversing  the  principal  leases,  on  the  western 
side  of  the  field. 

Further  east,  however,  you  find  what  appear  to  be  a  separate  series 
of  ijimilar  ore-deposits,  possessing  a  certain  amount  of  parallelism, 
which  "  strike  "  several  degrees  more  to  the  west  of  north  and  east 
of  south  (such  as  the  Kalgurli  and  North  Boulder  formations),  whilst, 
on  the  extreme  eastern  side  of  the  field,  the  Brown  Hill  Extended 
and  the  Oroya  may  be  cited  as  instances  of  "  formations  "  approxi- 
mating much  more  closely  to  a  north  and  south  course,  than  the  first 
or  main  series. 

Even  in  leases  the  side-lines  of  which  adjoin,  and  in  which  one 
would  expect  to  find  the  continuation  of  a  "formation"  knmvn  to 
exist  in  the  one  traceable  into  the  other,  it  is  often  impossible  to 
say  positively,  until  the  underground  workings  have  been  connected, 
that  what  appears  to  be  the  "  extension  "  of  the  same  "  ore-body  " 
is  so  in  reality. 

This  difficulty  arises  from  the  fact  that  the  "  formations  "  which 
carry  the  ore-bodies  (being  concealed  under  and  consequently 
"  masked  "  by  the  detrital  deposits  previously  described)  do  not  out- 

•  In  the  Boulder  Main  Reef  mine,  between  Ihe  ore-body  and  what  may  be  termed  the 
hanfing  vail,  there  is  a  thickness  of  about  6  inches  of  what  appeus  to  be  a  brecdated 
rock.  Mr.  Card,  however,  after  examining  a  thin  section  of  this  material  onder  a  micro- 
scope, reports  thai  "  it  would  appear  as  if  Ihe  breccia-lilie  appearance  were  delusive,  and 
was  due  to  the  unequal  distribution  of  the  chloiile,"  Pitlman,  op.  cil.  p.  12.  So  far  also 
as  the  Aotbor's  observations  went,  tbe  terni  "  brecciated  "  scarcely  seems  to  bim  to  be 
applicable  to  the  structure  of  these  deposits,  as  they  appear  lo  show  less  evidence  of 
shatleri'g,  than  of  crashing. 

t  Mr  E.  F.  PitlmaD,  A. R.5.M.,  remarks,  tbalBCaterulexaminationofthe  workings 
from  Ihe  surface  down  lo  a  little  over  300  feet  leads  to  the  conclusion,  "(i)  That  the 
so-called  lodes  are  in  reality  intrnsive  dykes,  and  (i)  TbM  the  material  of  Ihe  walls  or 
country  is  of  precisely  similar  origin,  and  differs  merely  in  Ihe  proportion  of  its  mineial 
contents,  and  tbe  amount  of  alteration  it  has  undergone." — Rttirrds  eflfu  Ciol.  Survey 
at  Nni  S.  Walts,  vol.  vi.  pait  i.  p.  10. 
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crop  at  the  surface,  whilst  several  separate  "  formations  "  sometimes 
traverse  the  same  lease,  at  no  great  distance  apart,  and  deviate 
slightly,  in  places,  from  the  general  line  of  direction  they  follow  on 
the  whole. 

No  doubt,  however,  Mr.  William  Frecheville  was  well  within  the 
mark  i[i  stating,  in  1898,  that  some  fifteen  or  sixteen  separate  veins 
had  been  already  proved  to  exist  within  the  area  described,  and 
others  were  likely  to  be  discovered  when  the  ground  was  more 
carefully  explored. 

In  some  cases,  also  "  sinking  "  and  cross-cutting  have  shown  the 
existence  of  "blind  lodes,"  which  never  reach  the  surface  at  all. 

The  "  formations  "  rarely  possess,  anywhere  in  the  decomposed 
zone  near  the  surface,  well-defined  "  hanging  "  or  "  foot-walls  "  • 
distinctly  separating  them  from  the  country  rock  outside  ;  and  it  is 
also  oftentimes  an  extremely  hard  matter,  in  fact  impossible  with- 
out assaying  it,  to  distinguish  the  difference  between  the  payable 
"lode-stufT"  and  the  valueless  "lode-formation"  by  ey«  alone, 
although  there  is  sometimes  a  fairl}'  smooth  plane  separating  the 
productive  from  the  worthless  stone — a  feature  which  more  particu- 
larly characterises  the  upper  levels  of  the  mines,  where  surface 
agencies  are  seen  to  have  decomposed,  oxidised  and  kaolinised  the 
country  rock  and  "  formations,"  as  well  as  the  ore-bodies,  con- 
verting the  latter  into  "  gossan  " ;  which  is  locally  termed  "  brown 
stone,"  as  it  is  coloured  brown. 

The  decomposed  "  country  rock  "  at  surface,  like  the  lode-filling, 
is  highly  ai^illaceous,  distinctly  foliated,  and  of  much  the  same 
general  3[^arance  as  "  the  formation,"  except  that  it  is  usually 
less  stained  with  iron  ;  portions  of  the  formation  (like  parts  of  the 
ore-bodies)  present  a  mottled  appearance,  and  are  of  a  yellowish- 
white  or  red  tint ;  the  soft  white  portions  consist  generally  either 
of  kaolin  or  decomposed  granular  particles  of  quartz,  the  colouring 
matter  of  which  has  been  removed  ;  whilst  the  red  blotches  and 
streaks  are  hard,  and  contain  a  large  percentage  of  oxide  of  iron. 

Mr.  William  Frecheville,  A.R.S.M.,  describing  these  deposit?, 
says  :  "  When  the  zone  of  schistosity  is  of  great  width,  the  mineral- 
ising solutions  appear  to  have  been  often  confined  to  certain  parts 

•  Bergrath  SchmeEsser  says  :  "The  enclosing  walla  of  these  'foniwtions'  are  for  the 
most  part  better  defined  on  ihe  football  ude,"  a  Tact  that  the  Author  has  been  unable 
to  confirm,  from  hii  own  observation. 

t  'Notes  of  a  Visit  to  the  Gold  Mines  of  KalgoorL,  Western  Ausltalia,'  by  Wm. 
Fr«dleville,  M.  Inst.  M.M.,  Tram.  last.  0/ Mining  aiiJ  MelallursY,  ya\.  ti. 
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of  it,  so.iietimes  producing  several  parallel  bands  of  ore,  separated 
by  more  or  less  unproductive  material.*  The  zone  along  which 
the  pressure  has  exercised  its  maximum  effect  may  have  been 
determined  by  previous,  or  simultaneous,  fisstiring  of  the  rock. 

"  Locally,  the  term  '  lode '  is  applied  to  the  ore  formations  when 
of  a  clearly  defined  character,  differing  markedly  from  the  non- 
productive rock  and  bounded  by  fairly  clearly-defined  '  walls,'  as 
for  instance  in  the  Great  Boulder,  Ivanhoe  and  Lake  View 
mines ;  and  the  term  '  formation,'  when  the  zone  of  schistosity  is  of 
greater  width,  and  the  difference  between  gold-bearing  and  non- 
gold-bearing  material  is  not  evident,  except  by  assay.  The  same 
vcKi  may  apparently  exhibit  both  characteristics  in  different  parts 
of  its  length.  The  Lake  View  vein,  in  the  Lake  View  ground, 
is  clearly  defined,  whilst  in  the  adjoining  mine  to  the  south-east, 
apparently  the  same  zone  of  schistosity  spreads  out  to  a  width  of 
several  hundred  feet,  and  the  ore-occurrence  has  so  far  been  found 
more  patchy  and  uncertain." 

It  would  therefore  be  better,  perhaps,  to  apply  the  term  "  lode- 
formation  "  to  the  zones  of  ore-bearing  ground,  and  substitute  the 
term  "  ore-body  "  for  the  word  "  lode  "  as  above  employed. 

The  value  of  the  "  ore-bodies  "  frequently  diminishes  gradually 
from  a  central  core,  or  source  of  impregnation,  spreading  out  into 
the  wall-rocks  ;  the  only  practical  distinction  between  "  ore "  and 
"  formation  "  being  the  question  of  whether  it  pays  to  mine  and  treat. 

The  "lode-formations"  as  above  defined  are  frequently  ex- 
tremely wide,  and  may  be  considered  as  being  continuous  ;  whilst 
the  ore-bodies  they  contain  run  in  places  themselves  up  to  con- 
siderable widths.  But  though  some  of  these  latter  continue  regular 
and  payable  for  long  distances,  like  the  shoots  in  a  quartz-vein,  in 
general  they  present  the  character  of  a  succession  of  lenses,  or 
lenticular  masses  of  ore,  which,  in  following  any  particular  line  of 
"  formation,"  make  suddenly  from  a  feathered  edge,  expanding  up 
to  a  certain  width,  till  they  finally  pinch,  and  cut  out  again  after 
driving  or  sinking  a  certain  distance  \  (depending  on  the  size  of  the 
ore-body),  along  the  axes  of  the  lenses. 

*  ThU  i^eculiarily  might  possibly  give  rise  tu  B  mistaken  impression,  by  presentiDg  ihe 
appeoiance  of  a  series  of  parallel  veins  poor  in  the  centre  with  the  ore  concentrated  on 
Ihe  walb 

t  An  instance  of  Ihii  kind  ie  quoted  by  Mr.  Bulman,  who  said  :  "  At  the  Lake  View 
CtHisols  mine  this  occurred  recently  at  the  45Ci-reet  level,  but  the  genera)  geolo£ical  con- 
tlitions  point  to  their  continuance  in  depth." — '  The  Kalgoorlie  Gold  Mines  of  Western 
Australia,'  Traru,  Insl.  ef  Minitii;  £ri,^iriixri,  vol.  xvii. 
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The  ore-bodies  are  found  fortunately,  however,  frequently  re- 
curring, being  set  in  echelon  end  to  end,  overlapping  in  splice 
fashion,  so  that  when  an  ore-body  pinches,  another  is  frequently 
picked  up  by  cross-cuttii^  in  a  short  distance. 

This  feature  of  the  recurrence  of  new  ore-bodies  is  repeated 
again  and  again,  both  along  the  course  and  on  the  dip  of  the 
principal  "formations,"  the  ordinary  rule  amongst  the  miners  (in 
this  district)  being  to  cross-cut  the  "  formation "  east  when  going 
south,  and  west  if  proceeding  north,  when  the  "  ore-body  "  driven 
upon  pinches,  and  it  is  necessary  to  look  for  another.  In  other 
words,  the  ore-bodies  have  a  tendency  to  cross  the  "formations" 
from  the  hanging  to  the  footwall,  driving  south,  or  vUe-versA. 

The  same  thing  happens  in  sinking,  an  ore-body,  it  may  be, 
disappearing  suddenly  in  following  it  down,  and  others  being  found 
by  cross-cutting,  which  do  not  appear  at  an  upper  level.  When  the 
pinched  ends  of  two  adjoining  Jienses  are  close  together,  there  is 
often  simply  a  turn  made  In  the  drive,  which  is  scarcely  noticeable 
to  the  casual  observer,  to  whom  it  would  appear  that  the  level  was 
driven  along  a  continuous  "  pay  shoot." 

The  arrangement  of  the  ore-tjodies  in  echelon,  thus  presented 
\t;tthin  each  individual  formation,  may  possibly  have  resulted  from 
co-ordinate  fracturing,  which  is  said  to  characterise  this  "camp." 
Iji  some  cases,  portions  of  the  ore-bodies  are  undoubtedly 
■  thrown  or  heaved  by  "faults,"*  and  at  times  they  are  displaced 
by  vertical  "  fault  planes  "  crossing  them.  These  various  circum- 
stances render  the  course  to  pursue,  in  the  exploitation,  development 
and  removal  of  the  ore-bodies,  to  secure  the  best  results,  a  problem 
often  of  great  difficulty,  demanding  careful  consideration,  local 
experience  an^  technical  knowledge. 

The  facts  just  stated  also  probably  explain  the  tendency  the 
ore-bodies  at  times  exhibit  to  throw  off  spurs  and  branches  into 
the  walls,  t  either  along  horizontal  "  floors,"  or  more  or  less  vertical 
cross-fissures,  which  carr>"  gold  at  times  fora  short  distance  outside  ; 

*  A  case  of  this  sort  wu  brought  to  the  Author's  notice  ia  Ihc  Gieal  Boulder  mine. 

t  Baron  Oldruitenbotgh  rtnmtks  that  starling -from  Iheir  hanging  or  foot-wall,  some- 
tiiDes  fmm  both  walls,  the  formati^ni  ihroir  dlT  Dumeroua  veins  of  autnganireroiis  speculu 
iron  ore  running  through  the  country  rock,  varying  from  J  inch  to  several  Ic.-l  in  width. 
They  are  very  compact,  practically  <levuid  of  quaitz,  show  no  casings,  and  can  scarcely 
be  regarded  as  the  result  of  hydrtithermal  action,  or  as  derived  from  decomposed  pyrites. 
He  r^ards  these  as  the  precipitation  or  substilution  prodacts  of  haloid  fmni>to1cs,  having 
escaped  duiing  the  first  phase  of  ibeir  consolidation  from  the  magmas  composing  these 
complex  lodcii. 
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but  they  are  not  in  any  true  sense  "cross-veins"  or  "cross-courses," 
and  their  values  generally  fall  off  when  they  are  followed  for  any 
distance. 

Where  a  number  of  "  lode-formattons "  are  grouped  together, 
there  is  frequently  a  probability  of  "parallel  courses  of  rich  ore" 
being  found  opposite  to  one  another  in  contiguous  formations 
("  ore  against  ore,"  as  the  Cornishman  calls  it),  owing  to  the  same 
influences  which  have  enriched  one  having  acted  in  much  the  same 
way  on  the  others,  within  a  certain  belt  crossing  the  whole  series ; 
consequently,  mines  that  are  traversed  by  "  formations  "  flanking 
properties  in  the  centre  of  the  Kalgoorlie  field,  in  which  rich  and 
extensive  bodies  of  ore  have  been  proved  to  occur,  would  seem  better 
situated  for  making  similar  discoveries,  perhaps,  than  leases  on  the 
extension  t»f  a  known  "  line  of  reef"  outside  of  the  proved  belt. 

In  the  ore-bodies  themselves  there  are  "walls  within  walls," 
and  consequently  the  pay-ore  often  "  makes  "  behind  what  is  sup- 
posed to  be  the  true  hanging  or  foot-wall,  until  this  supposed  wall 
is  broken  through.  The  need  for  careful  and  systematic  cross- 
cutting  at  each  level,  and  at  levels  close  apart  vertically,  need 
therefore  scarcely  be  emphasised. 

Ore-bodies  in  the  same  formation,  apparently  similar  so  far  as 
regards  mineralisation,  often  differ  considerably  in  their  chemical 
composition  as  well  as  in  average  value,  whilst  individual  ore-bodies 
exhibit  at  times  enormous  assay  differences  in  different  parts,  the 
gold  occurring  in  rich  spots  and  jiockets  alternating  with  very  poor 
ones  ;  this,  taken  in  conjunction  with  their  irregularit>-  in  width, 
renders  the  task  of  "the  sampler"  who  aims  at  placing  an  accurate 
value  on  a  "  block  of  ground  "  a  matter  of  extreme  difficulty. 

The  ore-bodies,  or  "  courses  of  rich  ore  "  in  the  principal  "  forma- 
tions," appear  to  have  a  general  tendency  to  "  pitch  "  south,  in  the 
direction  of  the  strike  of  the  lodes  ;  they  run  from  a  mere  thread 
up  to  many  feet  in  width,  and  are  sometimes  continuous  for 
several  hundred  feet  in  length,  carrying  one-  to  three-ounce  ore,  or 
even  richer  stone  in  bulk ;  indeed,  stone  can  often  be  selected  in 
moderate  quantity  which  would  assay  from  s  to  20  oz,  per  ton. 

As  a  case  in  point,  Mr.  H.  F,  Bulman  *  instances  the  Asso- 
ciated gold-mine,  remarking  that  at  Tetleys  shaft,  at  the  jco-feet 
level,  "  a  lode  40  feet  in  width,  carrying  3  to  4  oz.  of  gold  per  ton," 
was  opened  up  in  1898. 

As  further  illustrating  the  strength  of  some  of  the  richer  "  lode- 
•  op.  HI. 
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formations "  at  surface,  Mr.  Wm.  Frecheville  mentions  that  in  the 
Lake  View  mine  they  drove  "  some  2400  feet  on  their  so-called  main 
lode,  with,  it  is  stated,  payable  ore  practically  all  the  way,  the  vein  on 
the  whole  being  of  great  width,  in  places  going  up  to  as  much  as 
20  feet,  and  the  average  width  being  from  8  to  10  feet  The 
same  vein  is  being  worked  immediately  to  the  north-west  in  the 
Boulder  Perseverance  mine,  where  they  drove  several  hundred  feet 
on  it,  and  in  one  place  opened  a  stope  50  feet  in  width,'  of  which 
30  feet "  was  claimed  to  be  ore.  Several  of  the  other  mines  have 
shown  ore-shoots  or  bodies  of  great  length. 

As  a  further  example,  Mr.  E.  F.  Pittman,  A.R.S.M.,  describes  f 
an  interesting  section  of  a  cross-cut  in  one  of  the  principal  mines  : — 


West    I  Average  assay ;     Barren     '  Avetnee  atuj  <  Barren  j  Average  assay       East 

.     value  about  i      value  3    to  i  |      value    3  lo 

;     aoi.  I  !      4  0I-  4'«- 

As  above  shown,  in  a  total  width  of  98  feet,  no  less  than  64  con- 
sisted of  high-grade  ore.  Mr.  Pittman  adds,  "It  has  not  yet  been 
proved  how  far  this  extremely  rich  deposit  continues  in  the  direction 
of  its  strike,  though  one  of  the  drives  is  at  least  60  feet  long."  The 
newspapers  record  that  one  of  the  early  shipments,  consisting  of 
lOoo  tons  of  ore  from  this  mine,  was  treated  for  a  yield  of  slightly 
over  four  thousand  ounces  of  gold. 

The  dip  of  the  "  ore  bodies "  near  the  surface  is  generally 
westerly,  some  10°  to  .20°  from  the  vertical,  but  at  greater  depths 
they  sometimes  underlie  eastwardly. 

Mr.  Bulman  describes  them  J  as  being  roughly  vertical,  the 
levels  at  increasing  depths  being,  as  a  rule,  nearly  beneath  one 
another,  but  often  they  incline  from  side  to  side  at  diflTerent  depths. 
For  instance,  at  the  Kalgurli  mine  a  lode  proved,  by  their  main 
shafl  passing  ttirough  it,  to  be  dipping  west,  between  the  200-  and 
300-feet  levels,  is  seen,  at  the  300-feet  level,  it  is  said,  to  have 
altered  its  inclination  to  the  eastward,  coming  into  the  shaft  again. 

Often,  however,  levels  at  different  depths  have  been  driven  on 
separate  parallel "  courses  of  ore  "  close  together  in  the  same  forma- 
tion, where  it  is  of  considerable  width,  thereby  giving  a  misleading 
impression  of  the  true  dip. 


a  "slope  "  near  the  surface  in  the  "  Australia  East "  workings 
isiderably  wider.  \  Op.cil.  X  Op.  eit. 
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An  apparent  underlie  is  also  sometimes  due  to  horizontal  slides 
displacing  part  of  an  ore-body.  At  the  Ivaiihoe  three  of  these  are 
said  to  occur,  shifting  the  lode  all  in  the  same  direction,  between 
the  surface  and  the  300-feet  level. 

Sometimes  a  horizontal  floor  crosses  an  ore-body,  and  below 
it  the  ground  is  quite  barren ;  at  other  times,  as  Mr.  Bulman 
remarks,*  "  well  defined  vertical  walls  cut  across  the  lodes  at  right 
angles  to  them,  without  affecting  tlte  gold-bearing  character  of  the 
ground  on  either  side  of  the  parting."  Irregular  quartz  veins  and 
veins  of  ironstone  run  for  short  distances  sometimes  parallel  to  the 
lodes,  and  sometimes  at  right  angles  to  them.  Flat  veins,  rich  in 
gold,  occur  abutting  against  the  main  ore-body.  Not  unfrequently, 
the  lodes  divide  into  two  arms,  enclosing  betu-een  them  a  mass  of 
unproductive  rock,"  or  "horse"  of  mullock.  At  the  Great  Boulder, 
one  of  these  branches  passes  into  the  Golden  Horseshoe  lease, 
and  returns  again  100  feet  farther  on. 

A  number  of  interesting  analyses  and  microscopical  determina- 
tions, made  during  the  last  three  years  in  the  Departmental 
Laboratory,  are  described  by  Mr.  E.  S.  Simpson  in  Bulletin  No.  6 
of  the  Geological  Survey  (1902),  and  it  is  stated  that  the  results  of 
this  investigation  have  led  to  the  classification  of  the  Kalgooriie 
rocks  under  four  headings  :  (i)  Amphibolites  and  their  derivatives, 
including  most  of  the  lode-stuff ;  the  main  alteration  these  amphi- 
bolites have  undergone  being  a  conversion  of  hornblende  and  felspar, 
by  the  action  of  water  and  carbonic  acid,  into  chlorite,  cpldote  and 
various  carbonates,  with  the  separation  of  free  silica.  (2)  Newer 
eruptives,  acid,  intermediate  and  ultra-basic.  (3)  Older  sediments. 
(4)  New  sediments.  Whilst  obsidianites  have  also  been  found  on 
the  field  both  chemical  and  mechanical.  The  amphibolite  rocks  are 
subdivided  into  four  main  types,  viz. : — massive  and  foliated  amphi- 
bolites ;  massive  and  foliated  green-stones  (chlorite- rock) ;  chlorite 
schist ;  and  massive  and  foliated  siderite-rock.  The  newer  eruptives 
are  subdivided  into  felspar-porphyry,  porphyrite  and  peridotite  t 
(augitic),  and  the  older  sediments  are  stated  to  range  from  a  soft 
grey  shale  to  a  jasperoid  slate,  and  from  a  sandstone  to  a  flinty 
quartzite.  The  newer  sediments  comprisesalt,  travertine,  siliceous- 
sinter,  laterite,  sands  and  clay  and  ironstone  gravel. 

•  op.  Hi. 

t  On  the  well  shore  of  Hannan's  Lake  a  large  dyke  onlcrops  (in  places  coDverted 
into  »olid  serpcDline  rock)  vhich  Mr.  Sinipson  claSics  as  nu|;itc-perido(ite. 
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CHAPTER  V. 
THE  KALGOORLIE  DISTRICT  {continued). 

The  Structure  of  the  "  Outcrop  "  Ore  Bodies  and  tkeir 
Mineralogical  Character. 

Mr.  H.  p.  Woodward  ■  remarks  :  "  Until  quite  recently  the 
character  of  these  lodes  (i.e.  '  formations ')  at  a  depth  was  a  matter 
of  great  speculation,  since,  in  the  opinion  of  many  undoubted  autho- 
rities, they  were  only  shrinkage  cracks,  filled  in  from  above,  and  there- 
fore of  probably  no  great  vertical  extent  This  conclusion  was 
arrived  at  from  the  nature  of  the  lode  matter  (near  the  surface), 
which  generally  consists  of  mottled  clay,  with  quartz  fragments, 
through  which  the  fine  gold  was  disseminated." 

Mr,  Hoover  t  has  called  attention  to  the  similarity  in  chemical 
composition,  as  well  as  in  structure,  of  the  oxidised  ore  and  the 
altered  country  rock,  and  goes  on  to  point  out  that : — 

All  the  lines  of  demarcation  are  obliterated  by  oxidation,  and 
the  miner  has  difficulty  in  selecting  ore  from  "  waste,"  "  The 
oxidation  and  hydration  of  the  accessory  minerals  with  their  sub- 
sequent leaching  have  produced  no  unusual  features.  The  iron 
sulphides  are  the  last  to  yield  to  alteration,  and  are  usually  met 
with  above  the  tellurides." 

"The  depth  of  alteration  is  exceedingly  variable,  not  only  in 
neighbouring  mines  and  districts,  but  also  along  the  same  lode." 

At  Kalgoorlie  the  minimum  depth  is  represented  by  the  Kal- 
gurli  and  Associated  mines,  where  it  does  not  extend  below  50  feet ; 
whilst  at  Hannan's  Brown  Hill,  it  reaches  400  feet.  It  often  fluc- 
tuates greatly,  however,  at  different  points  along  the  same  formation. 
For  instance,  at  the  Ivanhoe  mine,  the  depression  in  the  line  of 
oxidation  is  as  much  as  100  feet  below  the  highest  points  where 

*  'The  so-ulled  "Lode  Formations "  uf  Hannan's  and  Tellncide  Deposits,'  tj 
H.  P.  Woodwud,  M.  Inst.  M.M.,  Tratis.  Imt.  aJMiningand  Mdallurgy,  voL  vi. 

t  'The  Saperficul  Alteration  of  Western  Austialiin  Ore  Depo^ls,'  by  H 
C.  HooTer,  Tram.  Am.  Imt.  tf  Minmg  Eitginetri,  vol.  xiviii. 
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unoxidtsed  ore  is  found,  and  in  the  Friday  "  formation  "  of  the  North 
Boulder  mine  the  difference  is  perhaps  even  more  marked.* 

The  depth  of  oxidation  seems  to  bear  little,  if  any,  relation  to 
"  water  level,"  oxidised  ore  being  frequently  found  extending  from 
the  surface,  or  in  disconnected  masses,  below  it,  whilst  the  unoxi- 
dised  ores  occasionally  reach  above  water-level,  or  occur  in  patches 
within  the  oxidised  zone. 

Neither  does  the  topography  seem  to  influence  this  feature  of 
the  ore  occurrence  in  any  marked  d^^ee,  as  the  Hannan's  Brown 
Hill,  and  Associated  mines,  might  be  cited  as  extreme  cases  of  an 
opposite  kind,  although  both  are  situated  on  hills  ;  in  the  former 
however,  oxidation  extends  150  feet  below  water-level  ;  whilst  in 
the  latter  it  does  not  reach  that  level  by  100  feet  or  more. 

The  width  of  "  outcrop,"  the  depth  of  "  cap  "  covering  it,  and 
the  extent  to  which  the  ore-bodies  have  been  mineralised  seem  to 
be  the  chief  factors  in  determining  the  level  to  which  the  line  of 
oxidation  extends,  as  explained  by  Mr.  Woodward,  who  says  :  "  The 
oxidising  action  followed  gradually  down  the  same  channels,  up 
which  the  mineral  matter  found  its  way,  and  therefore  has  pro- 
ceeded to  a  considerable  depth  ;  whilst  in  those  portions  which 
were  poor,  and  not  so  highly  mineralised,  little  or  no  change  has 
taken  place,  even  in  the  same  lode,  and  at  the  same  levels." 

Oxidation,  as  a  rule,  extended  to  a  greater  depth  in  the  ore-bodies 
than  in  the  country  rock,  as  they  naturally  afforded  better  channels 
for  percolation,  and  the  widest  letises  outcropping  close  to  the  surface 
(as  in  the  Brown  Hill  and  Lake  View)  would  naturally  present  the 
best  facilities  for  the  penetration  of  oxidising  agents. 

Changes  in  water-level  from  time  to  time,  leaving  the  ground 
but  partially  saturated,  and  thereby  favouring  the  decomposition  of 
the  "  lode  matter,"  would  be  sufficient  to  explain  its  oxidation  for 
short  depths  or  in  irregular  isolated  patches  below  the  normal  water- 
level  ;  and  it  must  be  recollected  that  Western  Australia  being 
peculiarly  subject  to  long  droughts,  "water-level  "  in  many  mines  is 
merely  indicated  by  dampness.  Such  occurrences  may,  however, 
also  be  explained  by  the  agency  of  alkaline  waters  affecting  some 
portions  of  the  "  formation  "  more  than  others. 

On  the  other  hand,  the  occurrence  of  unoxidised  ore  above  the 
line  of  oxidation  is  probably  explained  by  the  lenticular  shape  of 
the  ore-bodies. 

'  12010  130  feel. 
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Where,  as  Mr.  Hoover  points  out,  only  the  edges  of  the  lenses 
reach  to  the  surface,  as  in  the  Kalgurii,  a  comparatively  small 
channel  was  open  for  the  entrance  of  oxidising  agents  from  above, 
and  consequently  but  little  opportunity  was  presented  for  alteraticHi, 
or  as  Mr.  Woodward  puts  it :  where  the  country-rock  has  undergone 
but  little  change,  and  the  lode  is  only  found  by  sinking  for  it  to 
.some  depth,  the  "  50  feet  or  so  of  solid  rock  above  it  may  be  said 
to  have  hermetically  sealed  it." 

Irregular  masses  of  unoxidised  ore  occurring  in  places  above 
water-level  may  be  accounted  for  by  the  impermeability  of  indi- 
vidual Off-bodies,  owing  partly,  perhaps,  to  their  lenticular  shapa 
Above  the  line  of  oxidation  the  ore-bodies  consist  of  "  brown  stone  " 
which  has  a  banded  or  schistose  appearance  and  is  soft  and  greasy 
to  the  touch,  consisting  largely  of  hydrated  silicates  of  alumina  and 
magnesia,  frequently  carrying  threads  of  quartz  and  gypsum. 

The  term  "  brown  stone  "  is  given  to  it  owing  to  its  prevailing 
colour,  which  is  due  to  the  predominance  of  Hmonite  amongst  its 
constituents,  although  it  is  often  coloured  red  and  yellow  by  iron  in 
difTerent  stages  of  oxidation  and  hydration,  and  sometimes  carries 
a  good  deal  of  black,  specular  iron. 

The  gold  in  the  brown  stone,  which  is  mostly  "  free,"  is  at  times 
bright  and  coarse  when  found  in  the  decomposed  iron-stained  quartz 
stringers,  which  are  frequently  encountered  in  it.  Beigrath 
Schmeisser*  says,  they  strike  generally  in  an  east  and  west 
direction,  and  are  composed  of  a  white,  grey,  yellowish,  green  or 
dark  coloured  quartz  often  of  a  cellular  crystallised  character  and 
sometimes  resembling  siliceous  "  sinter,"  and  the  more  numerous 
these  branch  leaders  are,  and  the  more  the  quartz  appears  to  be  of 
a  broken  or  cellular  character,  the  richer  the  vdn  as  a  rule. 

Generally,  however,  the  gold  is  scattered  through  the  lode-stuff, 
in  an  extremely  fine  metallic  condition,  invisible  to  the  naked  eye, 
though  it  is  sometimes  seen  on  a  Hat  surface  as  a  dust-like 
efflorescence  known  as  "  paint  gold,"  whilst  occasionally  it  is  visible 
in  the  shape  of  fine  metallic  threads  or  spongy  filaments,  and  in  thin 
flakes,  with  brilliant  faces  (flake  gold),  the  coarser  varieties 
presenting  the  appearance  of  grains  and  star-like  aggregations, 
.■(cales,  and  spiky  projections, 

Mr.  Woodward  states  that  when  quartz  stringers  are  entirely 

■  'The  Present  Poiition  of  tbe  Gold  Minii^  Industiy  of  Westem  AuEtialia,'  bf 
Bergralh  Scbmeisier,  1896. 
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absent,  little  or  no  gold  is  met  with,  and  when  found  in  close 
proximity  to  them,  it  mostly  presents  the  appearance  of  "  parted 
gold,"  being  of  a  brownish-yellow  colour  and  pasty  or  spongy 
character, which  has  caused  it  to  be  locally  termed  "  mustard-gold." 
Mr.  T.  A.  Rickard  remarks':  "It  occurs  in  splashes  like  yellowish 
clay,  and  can  be  detected  by  scratching,  which  burnishes  it  so  as  to 
exhibit  the  unmistakable  glint  of  the  precious  metal.  At  Cripple 
Creek  very  perfect  pseudomorphs  after  sylvanite  and  krennerite  are 
obtainable.  In  the  Gold  King  vein,  patches  of  these  can  be  seen  in 
a  series  of  quartz  "  geodes,"  the  gold  looking,  as  the  miners  express 
it,  "  like  splinters  of  rotten  wood." 

Its  condition  in  this  powdery,  lustreless,  amorphous  form,  re- 
sembling "precipitated"  gold,  suggests  that  it  is  a  product  of  the 
decomposition  of  other  minerals,  with  which  it  was  originally 
chemically  combined — no  doubt  some  of  the  various  tellurides 
found  at  deeper  levels  ;  and  Mr.  Hoover  t  observes  that  "  no  better 
idea  can  be  conveyed  of  the  exceeding  minuteness  of  the  particles 
(when  in  the  form  of  either  paint  or  mustard-gold),  than  the  fact, 
that  the  slimes,  which  constitute  an  average  of  over  50  per  cent,  of 
the  Kalgoorlie  ores,  are  almost  universally  richer  than  the  sands." 
Mr,  Sulman  has  stated  %  that  "  mustard-gold  "  was  gold  intimately 
associated  and  covered  with  tellurite  of  iron  ;  and  the  description 
of  the  discovery  of  a  mass  of  calaverite  in  1877  in  the  Melvina 
mine,  given  by  Mr.  T.  A.  Rickard  §  throws  further  interesting 
light  on  this  subject.  He  says  that,  according  to  his  informant, 
Mr,  Richard  Pearce,  "  Henry  Neirkirk,  a  Dutchman,  while  pro- 
specting, drove  his  pick  into  a  mass  of  soft,  clay-like,  unctuous 
material,  and  found  on  withdrawing  it  that  it  was  gilded.  The 
mass  consisted  of  lemon-coloured  oxide  of  tellurium,  containing  fine 
particles  of  amorphous  gold,  the  two  substances  being  the  product 
of  alteration  from  the  bronze  calaverite  which  Neirkirk  found 
deeper  down,  associated  with  magnesite  and  fluorite.  This  dioxide 
of  tellurium  or  tellurium-ochre  has  been  found  in  Transylvania. 
It  is  very  rare,  because  of  its  marked  affinity  for  ferric  salts,  with 
which  it  forms  a  definite  compound,  the  tellurite  of  iron.  The 
tellurite  of  iron,  which  F.  C.  Knight  was  the  first  to  determine, 
has  a  light-brown  colour  and  a  bright  yellow  streak.     "  Knight's 

*  '  The  Telluride  ores  of  C[[pple  Creek  and  Kalgooilie,'  by  T.  .\.  Ridurd,  SUIe 
Geologist  of  Colorado,  Tram.  Am.  Inil.  of  Mining  Engineers,  fol.  xxx.         t  Of.  eil. 
1   Iraiis.  /nil.  ef  Mining  and  Afefallurgy,  tal.  vm.  p.  ^ib.  |  Op.  HI. 
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analysis  {Colorado  Scientific  Soc,  Oct.  i,  1894)  gave  a  percentage 
of  Fe,03  32-72,  TeOa65-4SandHaO  1-83.  The  lustre  is  dull,  the 
fracture  is  brittle  and  uneven,  and  the  hardness  is  between  3  and  4. 
In  nature  a  kindred  action  to  that  produced  artificially  by  roasting 
probably  occurs  in  the  presence  of  oxidising  pyrite,  liberating  the 
gold  with  the  formation  of  the  tellurite  of  iron. 

Some  of  the  gold  in  its  present  form  found  near  the  surface  can 
in  alt  likelihood  be  traced  to  secondary  deposition  of  a  chemical 
nature,  that  is  to  say,  to  the  action  of  organic  and  carbonic  acids, 
or  other  agents,  which  have  reprecipitated  gold  in  solution,  and 
thus  caused  a  marked  enrichment  of  many  of  the  ore-bodies,  at  or 
near  their  outcrops  ;  and  sometimes  in  places,  as  already  said,  to  a 
considerable  depth — a  circumstance  which,  no  doubt,  partly  "  ac- 
counts for  the  high  average  yield  obtained  from  surface-crushings, 
in  the  early  days  of  the  field. 

As  Mr.  Hoover  explains,  however.t  this  tendency  towards 
surface  enrichment  has  been,  perhaps  to  a  still  greater  extent, 
induced  mechanically,  owing  to  the  soft,  dry,  permeable  nature  of 
the  kaolinised  lode-stufT  and  country  rock  ;  the  minute  state  of 
division  of  the  gold  naturall)'  offered  every  opportunity  for  its 
re-deposition  in  this  latter  manner,  the  gold  originally  derived  from 
the  surface  erosion  of  the  lodes,  during  the  lapse  of  long  ages, 
having  doubtless  been  carried  lower  down  into  their  interstices, 
through  minute  fissures  and  seams,  as  erosion  proceeded. 

These  influences  tending  towards  surface  enrichment  have, 
however,  probably  been  to  some  extent,  counteracted  by  the  lateral 
impregnation  of  the  "  country  rock  "  outside  of  the  lode-formations," 
during  their  partial  decomposition,  and  hence  these  agencies  in  some 
cases  have  acted  (both  chemically  and  mechanically)  in  opposite 
ways. 

Inasmuch,  however,  as  the  "  formations  "  doubtless  offered  easier 
channels  for  solutions  to  follow  (as  evidenced  by  their  decomposi- 
tion to  a  greater  depth  than  the  country  rock),  it  seems  probable 
that  they  contained,  when  first  discovered,  much  the  largest  propor- 
tion of  gold  produced  by  "  secondary  action  "  ;  and  as  Mr.  Hoover  % 
observes  ;  "  The  general  tendency  of  the  ores  towards  enrichment  at 
the  surface  is  broadly  proved  by  the  universal  decrease  of  from 

*  It  is  probable,  bowever,  that  in  the  early  days  a\  this  field,  the  reputed  loonage 
cnuhed  may  have  been  in  excess  of  the  xctoal  amount. 

\  Op.ea.  X  Op.Ht. 
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SO  to  75  per  cent,  in  the  value  per  ton  of  the  output  from  all  the 
leading  mines." 

He  goes  on  to  add:  "Within  the  oxidised  zone,  at  least  ten 
mines  at  Kalgoorlie  could  be  named  which  have  decreased  so  much 
in  value  as  to  become  practically  worthless." 

It  must  not  be  inferred  from  these  observations,  however,  that 
he  believes  the  mines  will  diminish  in  value  with  increasing  depth 
until  they  become  barren,  as  he  specifically  states,  "  these  remarks 
apply  to  the  oxidised  ores  only'  and  those  mines  which  have  proved 
valuable  below  this  zone  have  nothing  to  fear." 

The  enrichment  of  the  decomposed  lode-formations  by  lateral 
impregnation  is  more  or  less  evidenced  by  the  fact  that  the  stopes 
are  commonly  wider  in  the  oxidised  than  in  the  unoxidised  ore. 

Others  have  asserted  that  an  enrichment  of  the  ore  takes  place 
at  water-level,  and  have  cited  the  Kalgurli  and  Associated  mines 
in  proof  of  this  contention  ;  but  Mr,  Hoover  ascribes  this  circum- 
stance to  the  fact  that  the  unoxidised  ores,  being  more  easily  distin- 
guished from  the  country  rock  than  the  oxidised  ores,  admit  of 
closer  selection  in  mining,  hence  whilst  their  value  per  ton  remains 
perhaps  the  same  as  that  of  the  oxidised  ore,  they  do  not  get  so 
many  tons  per  fathom  of  stope. 

As  regards  the  possible  chemical  solution  of  the  gold  during 
or  after  oxidation,  and  its  re-deposition  from  such  solutions,  Mr. 
Hoover  points  out  that  "The  alkalinity  of  most  of  the  subter- 
ranean waters  of  the  gold-field,  their  contained  chlorides,  the 
organic  acids  of  surface  waters,  the  presence  of  decomposing 
manganese  and  iron  sulphides,  and  tellurides,  all,  under  varying 
conditions  and  combinations,  could  dissolve  and  reprecipitate  gold." 
"All  these  chemical  reactions  are  called  upon  to  prove  enrichment 
of  the  ores  in  depth  by  leacking  and  re-^ieposition  at  water-level^  but 
aside  from  the  non-existence  of  such  a  general  fact,  the  constant 
erosion  of  the  surface,  and  rising  of  the  horizon  of  re-deposition, 
would,  in  the  end,  produce  an  enrichment  of  the  whole  oxidised 
zone."  Such  a  process  in  fact  has  no  doubt  assisted  in  the  super- 
ficial and  lateral  enrichment  of  the  "  formations,"  as  already 
explained. 

The  composition  of  the  "brown  stone"  is  indicated  by  the 
following  determinations  of  free  silica  in  average  samples  of  oxidised 
ore  given  by  the  same  author  T  '■ — 

'  The  italia  are  the  Author'*.  t  Op.  cit. 
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There  are  no  other  gangue  materials  of  consequence,  the 
remainder  being  almost  all  kaolin.  The  iron  which  stains  the 
"  brown  stone  "  is  present  in  the  form  of  stringers  and  bunches  of 
tuematite  and  limonite,  whilst  amongst  the  rare  accessory  minerals 
found  in  the  oxidised  ores  it  has  been  asserted  that  natural  amalgam 
is  sometimes  met  with,  and  that  chloride  of  silver  has  been  found 
near  the  surface,  in  one  mine  in  considerable  quantity. 

The  Structure  of  tke  "  Deep-Level"  Ore-Bodies 
and  their  Mineralogical  CItaracter, 

Mr.  Wm.  Frecheville  has  given  a  most  excellent  description  • 
of  the  "  ore-bodies  "  below  the  line  of  oxidation. 

He  points  out  that  in  the  deeper  workings  it  is  usually  pretty 
easy  to  distinguish  between  ore  and  country  rock,  particularly  in  the 
richer  mines,  the  veins  (ore-bodies)  having,  as  a  rule,  pretty  clearly- 
defined  boundaries,  forming,  so  to  speak,  the  "  hanging  "  and  "  foot- 
walls."  The  vein-filling  also,  though  often  composed  mainly  of  the 
same  material  as  the  country  rock,  differs  from  it  in  certain  respects. 

"  The  country  rock  is  massive  (although  as  might  be  expected 
near  the  veins,  even  when  most  clearly  defined,  it  frequently  ex- 
hibits a  more  or  less  schistose  structure,  which  disappears  on  going 
a  few  yards  away),  and  contains  only  a  little  iron  pyrites  as  minute 
specks  here  and  there ;  whilst  the  ore  is  schistose,  and  has  fine 
iron  pyrites  plentifully  disseminated  through  it,  and  the  schistose 
surfaces  are  covered  with  lustrous  material  suggesting  mica  or  talc, 
and  chlorite.  Sometimes  the  vein  filling  consists  principally  of 
quartz,  as  is  often  seen  in  the  Ivanhoe  and  Great  Boulder  veins,  and 
is  quite  like  ore  from  a  well-mineralised  quartz  lode  of  the  ordinary 
type  ;  but  as  3  rule  it  is  of  the  schistose  country  rock  type  de- 
scribed above,  and  varies  in  general  appearance  with  the  containing 
country  rock,  that  is  to  say,  when  occurring  in  the  green  variety  of 
rock,  the  vein  filling  will  have  a  similar  green  colour,  and  when 
occurring  in  the  grey  variety,  it  will  be  grey."  Samples  of  ore  like 
the  country  rock  effervesce  briskly  with  acid. 

•  '  Notes  of  a  Visit  lo  the  Gold  Mines  at  Kaleoorli,  Western  Anstiulia,'  by  Wm. 
Ftecbeville,  A.R.S.M.,  Tram.  Inil.  cf  Mining  and  Metalturgv,  toL  Ti. 
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Mr.  Hoover  *  makes  the  general  statement  that  "  in  the  unoxi- 
dised  ores,  more  quartz  ts  present,  and  it  becomes  evident  that 
some  replacement  of  the  country  rock  by  quartz  and  the  metalli- 
ferous minerals  has  taken  place." 

The  first  point  is  one  upon  which  Mr.  Woodward  has  laid  stress,! 
remarking :  "  The  ore  is  a  bluish-green  siliceous  rock,  often  thickly 
studded  with  minute  crystals  of  pyrites,  and  intersected  by  quartz 
veins  which  are  the  richest  portion  of  the  lode  ;  but  here,  as  in  the 
decomposed  zone,  the  gold  is  found  to  extend  often  for  a  consider- 
able distance  into  the  mineralised  rock  upon  either  side. 

"  Portions  of  this  rock  taken  from  near  the  quartz  veins  often 
contain  large  quantities  of  small  crystals  of  telluride  of  gold, 
lyrites,  calcite  (which  also  occurs  in  veins  and  vughs)  and  probably 
serpentine,  thus  presenting  an  entirely  different  composition  from 
the  hornblende  and  felspar  rocks  which  constitute  the  country  rock, 
but  into  which  it  merges  so  gradually  that  it  is  impossible  to  say 
where  one  ends  or  the  other  begins." 

Mr,  Pittman  says  J  the  formations  are  frequently  intersected 
by  irregular  quartz  reefs,  "  These  reefs,  in  which  the  quartz  is  white 
and  crystalline,  sometimes  follow  the  strike  of  the  dykes,  at  other 
times  cut  across  them,  and  enter  the  walls.  They  are  not  con- 
tinuous for  any  distance,  and  their  width  varies  very  considerably. 
They  sometimes,  but  not  always,  contain  free  gold." 

The  quartz,  in  many  instances,  however,  is  replaced  by  calcite, 
traversing  the  ore-bodies  in  the  form  of  a  network  of  small  veins 
which  are  sometimes  mistaken  for  quartz,  and  in  some  of  the 
"  formations  "  this  mineral  is  found  associated  with  very  rich  ore. 

The  "  calcite,"  as  Mr.  Card  observes,§  is  therefore  an  important 
gangue  material  in  the  lode-stuff,  sometimes  occurring  in  lat^e 
masses  with  calaverite  (Block  14),  whilst,  as  Mr.  Pittman  remarks : 
"The  joints  of  the  lode-stuff  in  the  lower  levels  are  frequently 
coated  with  carbonates  of  lime  and  magnesia,"!  a  lai^e  percentage 
of  magnesia  being  a  peculiarly  marked  feature. 

in  some  cases  an  invasion  and  absorption  of  the  quartz  by 
calcite  or  sericite  seems  to  have  taken  place  along  cracks  in  the  rock, 

Mr.  Card  concludes,  as  before  said,  that  the  ore-bodies  arc  more 
t  Of.  dt. 


%  '  Notes  on  the  Countrf  Rocks  of  the  Kalgoortie  Gold-KJeld,  Western  Austnlia,- 
br  Geo.  W.Card,  A.R.S.M.,  Recoraiof  llu  Gal.  Survey  ef  Neie  Sotiih  Walri.  yoL  vi. 
part  i,  [  In  the  aiidised  zone  their  place  is  takeu  by  gypsum. 
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highly  altered  portions  of  the  country  rock,  in  which  the  ore  was 
probably  deposited  by  pseudoraorphous  replacement,  remarking  : 
"  It  will  be  noted  that  the  titaniferous  iron  and  primary  quartz  occur 
in  the  ore,  as  in  the  country,  with  a  tendency,  however,  to  granula- 
tion. 

"The  tellurides  of  gold,  t<^ther  with  the  associated  carbonates 
of  lime  and  magnesia  and  the  secondary  quartz,  have  been  intro- 
duced into  the  ore-body  by  solutions,  which  found  ready  access 
along  the  planes  of  parting  produced  by  the  incipient  foliation. 

"  That  much  of  the  chlorite  has  been  introduced  in  the  same 
way  seems  probable  from  its  frequent  occurrence  in  wavy  bands ; 
alumina  is  also  present  in  the  mine  waters." 

The  following  are  descriptions  of  some  typical  specimens  of  ore 
examined  under  the  microscope,  given  by  Mr.  Card. 

Slide  No.  8513. — Ore  from  a  "winze"  in  the  Great  Boulder 
mine,  below  the  200-feet  level. 

This  was  similar  in  appearance  to  the  country  rock  (which  in 
the  case  referred  to  was  of  the  dark  green  variety),  but  a  much 
lai^er  quantity  of  pyrites,  in  the  form  of  very  minute  cubes,  was 
present  Under  the  microscope  it  was  seen  to  consist  principally  of 
caldte,  chlorite  and  pyrites.  Quartz  was  conspicuous  in  it,  and 
would  appear  to  have  been  abundant  once,  as  the  grains  were 
much  shrunken,  and  lay  in  a  granular  aggregate  of  clear  anisotropic 
particles,  with  calcite.  In  other  cases  such  aggregates  existed  by 
themselves,  the  quartz  being  entirely  gone. 

Slide  No.  8509. — Typical  ore  from  the  Kalgurli  mine,  occurring 
in  stringers  traversing  the  country. 

This  was  grey  in  colour,  with  a  somewhat  trachytic  appear- 
eanc,  and  a  slight  tendency  to  fissility.  The  divisional  planes 
were  conspicuously  sericitic  It  was  abundantly  speckled  with 
titaniferous  iron-ore  and  magnetite,  and  a  slight  effervescence  was 
noticeable  on  a  cut  surface  when  treated  with  acid.  Close  inspec- 
tion revealed  the  presence  of  limpid  grains  of  quartz  in  abundance. 
The  rock  showed  a  little  pyrites,  and  weathers  to  a  deep  red- 
brown  colour.  Under  the  microscope  it  was  seen  that  the  difference 
in  appearance  was  mainly  one  of  colour,  consequent  upon  the 
entire  absence  of  chlorite. 

There  were  the  same  archipelagoes  of  optically-continuous  quartz 
traversed  by  transparent  rods.  Vividly-polarising  sericite  was  abun- 
dant    It  was  found  generally  arranged  in  one  direction,  but  some- 

H  2 
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times  lay  criss-cross.    Much  of  the  quartz  was  seen  to  be  almost 
entirely  replaced  by  such  scridte.     Carbonates  were  abundant. 

Slide  8461. — Ore  (assaying  10  oz.  of  gold  per  ton)  from  the 
3CX)-feet  level  of  the  Lake  View  Consols  mine,  described  as  a 
greenish  rock  of  felsitic  appearance,  with  pronounced  schistosity  and 
development  of  scricite;  specific  gravity,  286,  The  rock  was  pyritous, 
and  cfFervesced  slightly  in  acid.  Under  the  microscope  it  was  seen 
to  be  highly  silicified,  being  traversed  by  a  network  of  interlacing 
areas  of  secondary  quartz.  Primary  quartz  could  be  recognised  by 
the  presence  of  the  included  transparent  rods  referred  to  before: 

Slide  8467. — Telluride  ore  from  the  Boulder  Perseverance.  A 
slide  from  this  showed  large  individuals  of  titaniferous  iron-ore, 
with  characteristic  leucoxene,  magnetite  and  pyrites.  Quartz  was 
seen  in  various  stages  of  obliteration.  The  opacity  of  the  slice  was 
against  mgch  detail  being  made  out  in  the  grand  mass,  but  it  was 
found  to  be  lai^ely  composed  of  calcareous  material,  and  colourless 
scales,  rods,  etc.  variously  ^^regated. 

Mr,  William  Frecheville  quotes*  the  following  comparative 
analysis  made  by  Dr.  Helms  of  Sydn^,  of  a  characteristic 
specimen  of  Great  Boulder  ore  (a  non-quartzose  variety)  and  the 
country  rock  from  its  vicinity  (a  winze  below  the  300-feet  level) : — 

Or.  Rock. 

Sulphur 5'49  O-ll 

CuDomctcid S'JS  11 '73 

Tituiic  add  (TiO,)       ....  a'S7  071 

Soda  (Ni,0) 2-93  346 

Potash  (K,0) a'i5  a-9t 

I  Oxide  of  iron 17*84  9*69 
Iron  as  pyrites  (calcul^ed  from  the  sul- 
phur >s  FeS,)  ....  4-80  019 
Aluminft 6*63  4'M 
Lime 4-77  8'*o 
Mitgnesia  ......  4*87  5*35 
Copper o'i4  o'os 
Muiguious  oxide traces  traces 
Silica 0-3I  018 

(Silica 3483  42-48 

Insoluble.  I  Ferric  oxide ■■14  t'36 

SAluDiina      ......  3-05  9'19 

iMagneaia O'lo  0*24 

99'99        99'7' 

Gold traces        (races 

Silver 4  dwi.  31  gr.     3  dwt.  6  gr.  per  ton. 

As  there  Is  not  enough  carbonic  acid  shown  to  satisfy  the  lime  and 
magnesia,  Mr.  Card  remarks  that  a  certain  proportion  must  probably 
be  to  some  extent  present  as  silicates,  in  all  likelihood  in  combination 
•  op.  al.,  p.  144. 
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with  other  compounds,  forming  the  constituent  minerals  of  the  rock  ; 
whilst  the  presence  of  soda  may  be  regarded  as  pointing  to  the 
existence  of  soda  felspars.  Neglecting  the  carbonic  acid  and 
soluble  portion,  the  percentage  composition  of  the  remainder  agrees 
very  closely  with  the  typical  composition  of  an  acid  eruptive. 

The  following  analyses  of  bulk  samples,  representing  loo  and 
IJO  tons  of  Great  Boulder  Main  reef  telluride  ore,  are  given  by 
Mr.  Ed.  Skewes  •  : — 

Silica 48-43 

Alumink  I 'OB 

Magnesia 3'03 

Sulphur 3-66 

Copper 0-33 

Carbonic  dioiide 7  "75 

Oxjgen 3"o5 

AUcalies,  etc ia'6s 

99'98 

Insoluble 64'oo 

(  Metallic  iron 6-64 

^»'*  l".lSr,,;.ni..  :    :    :    :    :    Z^. 

( Carbonate  ofmagnesu  .  9'*^ 

loo'as 

,      (Gold  -        6-5001.  per  ton 

Aaaj- value  (gii^       .         .         .         a-|^        T 

Mr.  Arthur   C.  Claudet,  A.R.S.M.,  gives  f  an  analysis  of  Kal- 

goorlie  ore  as  follows ; — 

Pero-ide  of  iron 'SMS  j  =  ??!?*% 

Oxide  of  manganese O'lS  1       '"*"■ 

Copper 0"0S 

Snlphur O'la 

Alumina      ....-.--  I"66 

Silicious  rock 77 '93 

Comliined  vBtei  and  loss        .....  4*41 

Gold  (per  Ion  of  8240  ">■)  ■     3  oi-  S  ^^^-  •*  P- 

Silica "s6'6o 

Alumina '^'93 

Lime o*30 

Magnesia     .  o'aj 

Alkalies  (chiefly  pot^li) 3"66 

77'93 

•  The  Mining  JbuthoI,  London,  March  iz,  1898,  lnviii  p.  31a. 
t  'Notes  on  the  Ejcperimcntf.! Trcfttmenl  of  Gold  Ore  from  the  Hannan's  Dislrict. 
Coolgardie,  Western  Australia,'  Irani.  Iml.  b/  Afiiiing  and  Melallurgy,yo\.y. 
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The  siticious  rock  is  no  doubt,  as  Mr.  Claudet  surmises,  a 
decomposed  fclspathic  rock. 

Mr.  Ed.  S.  Simpson  "  gave  the  following  analysis  of  typical 
lode-stuff  from  the  300-feet  level  of  the  Lake  View  Consols : — 


W«[er  (H,0) 

Combined         .... 

■40a 
1-809 

Calcium  carbonate  (CaCOJ         . 

io-88i 

6-315 

Ferrous  carbonate  (FeCO,) 

J-5S3 

Soluble  in 

Ferrous  ojiide  {FeO} 

1-360 

hjrdrachloric 

Ferric  oiide  (Fe,0,)  . 

1-541 

acid. 

Alumina  (A1.0.)        . 

i-3»6 

Phcophorico»ide(P,0,)     . 

trace 

Soluble  in    , 

Iron  (Fe)           .... 
SiilphurlS}       .... 

3.990 
4'417 

nilric  acid. 

Tellurium  (Te). 

trace 

Silica  (SiO,t      .... 

51-271 

Titanic  oxide  (TiO,) 

-ai6 

Alumina  {A1,0,) 

ia-S'9 

Insoluble.    . 

Ferrous  oiide  (FeO)  . 

"3" 

linie(CaO) 

■3»3 

Mapieaia  (MgO) 

I-1S9 

Undelemiined  and  iMs 

-606 
loo-ooo 

Gold   . 

9  01.  la  dwt.  18  gr.  per 

ton. 

Silver . 

6  or.    7  dwt.    8  gr.  per 

ion. 

He  regarded  the  lodes  asdyka  of  kighly-foliated  felstone\  im- 
pregnated with  carbonate  of  lime,  etc,  and  with  auriferous  pyrites 
and  tellurides  of  the  precious  metals. 

Below  the  zone  of  oxidation,  thedeep-level  ore-bodies  at  Kal- 
goorlie  contain  a  wide  range  of  accessory  minerals,  of  which  perhaps 
the  commonest  are  magnetite  (in  fairly  large  crystals),  siderite,  J  iron, 
pyrites  and  arsenical  pyrites.  Mr.  Hoover  mentions  sulphides  of  iron 
lead,§  zinc,  mercury,  arsenic  and  antimony ;  tellurides  of  gold  and 
silver ;  native  mercury,  and  bismuth,  specimens  of  which  latter 
mineral,  from  Burbanks,  Yalgoo  and  Lawlers,  have  been  found  to 
carry  gold.  Boumonite  has  also  been  found,  at  Kalgoorlie  with 
several  rare  minerals ;    among  them,  natural  amalgam,  lollingite 

•  '  Kalgoorlie,   We»lera  Australia,   and    its 
Mining EnpHiett,  vol.  ixviii..  Discussion,  p.  809. 

X  H.  Knutsen  observes:   "I  am   disposed   t 
characteristic  mineral  of  these  ores."— '  The  "Diehl  "  Process,'  A  'faptr'  readh^entht 
Inttituliin  of  Mining  and  Metallursy,  June  1902. 

S  Vanadate  of  lead  occurs,  it  is  said,  in  the  Associated  mine;  and  crocoisite  (chromate 
of  lead)  is  found  at  Menzics  ;  it  ii  reported  to  be  associated  with  gold  in  the  quartz  of 
z  hni  Tagilsk  in  the  Urals. 
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(arsenide  of  iron)  FeAs,  •  and  auriferous  enargite  CugAsS* 
(sulphide  of  arsenic  and  copper).  Mr.  Simpson  also  mentions  f 
pyrai^rite,  proustite,  asbolite,  malachite,  native  tellurium,  fuchsite 
{chromium  mica)  and  others.  Mr.  Hoover  adds,  "  The  gold  occurs 
in  minor  proportion  as  free  gold,  but  in  major  values  in  the 
tellurides  and  sulphides,  which  are,  as  a  rule,  very  finely  disse- 
minated through  the  ore,  although  the  tellurides  do  occur  occasion- 
ally in  large  patches  or  stringers." 

Mr.  Woodward  observes:  "The  tellurides  are  met  with  as 
veins,^  splashes,  and  disseminated  minute  crystals  throughout  the 
entire  mass.  In  the  first  of  these  forms,  they  appear  to  have  been 
deposited  subsequently  to  the  quartz,  for  the  veins  intersect  the 
latter,  oflen  filling  right-angle  cracks  in  them  ;  these  when  en- 
countered make  a  great  show,  since  they  may  be  seen  in  places 
all  the  way  down  the  side  of  a  shaft  for  40  or  50  feet  as  veins 
several  inches  in  width,  but  which,  when  broken  into,  only  prove  to 
be  of  slight  thickness,  with  quartz  behind  them.  Fortunately  this 
is  not  invariably  the  case,  for  in  many  instances,  small  solid  veins 
of  the  tellurides,  quite  independent  of  the  quartz,  have  been  traced 
for  a  distance  of  60  or  70  feet." 

As  a  rule,  however,  the  tellurides  are  so  finely  divided  as  to  be 
indistinguishable  by  the  eye,  although,  as  Mr.  William  Frecheville 
remarks,  "  spots  and  splashes  of  some  size  are  not  at  all  uncommon 
in  the  stopes,  and  sometimes  the  showing  of  large  splashes  across 
a  considerable  width  is  quite  wonderful.  The  tellurides  go  right 
through,  and  permeate  the  mass  of  the  ore,  like  the  pyrites,  and 
are  not  confined  to  cracks,  faces  or  cavities  "  ;  in  fact,  "  they  appear 
to  have  formed  an  element  or  feature  of  the  mineralisation  of  the 
veins  themselves,  and  not  to  be  due  to  subsequent  or  secondary 
action,  which  might  prove  to  be  more  local  or  patchy  in  character." 
Native  tellurium,  though  a  non-metalHc  element,  is  a  tin-white 
brittle  substance  with  a  bright  metallic  lustre,  which  forms  metallic 
combinations  (tellurides)  in  much  the  same  way  as  sulphur  and 
selenium,  at  times  apparently  replacing  the  former  element.  It  is 
rarely  found  at  Cripple  Creek  or  Kalgoorlie,  but  is  not  uncommon 
in  Boulder  County,  Colorado.     A  mass  weighing  25  lb.  was  found  in 

•  'Census  of  Minerals  of  Wcslern  Australia,'  by  E.  S.  Sim[)son,  B.E.,  F.C.S., 
Government  Mineialogisl,'  chap,  xii.,  Handbook  of  WtsUtti  Australia.  1901. 

t  'Secondary  Mineials  associated  with  Gold,'  Bull.  No.kGeel.  Surrey  of  IV.A.,  p.l6 

X  These  sometimes  luo  up  to  nearly  an  inch  in  thickness  (E.  F,  Pillman),  and  small 

"  pockets"  of  tclluiide  are  sometimes  found.      The  Author  saw  a  slope  in  I  he  Lake  View, 

thai  glittered  under  the  light  of  the  candles,  in  placis,  like  a  "jeweller's  shop'' ;  and 

extremely  rich  stopes  were  to  be  seen  in  the  Associated  and  other  mines. 
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1877  at  the  John  Jay  mine  near  Jimtown,"  and  it  has  lately  been 
found  at  the  Vulcan  mine  in  Gunnison  County,  Colorado,  in  mica- 
schist  associated  with  a  lode  of  gold-bearing  pyrite,  which  in  the 
oxidised  zone  carries  native  sulphur. 

Of  the  various  telluride  minerals  present  in  the  Kalgoorlie  ore, 
Mr.  William  Frecheville  mentions  a  brilliant  silver-white  mineral 
as  being  common,  probably  sylvanitet  or  graphic  tellurium  (a 
telluride  of  gold  and  silver  represented  by  the  chemical  symbol 
{AgAu)Tea,  possessing  a  specific  gravity  of  7*99  to  8*33).  The 
latter  name  is  derived  from  the  fact  that  faces  of  rock  are  frequently 
found  covered  with  twinned  crystals  that  look  like  Arabic  writing ; 
it  is  generally  steel-grey  to  silver-white,  but  as  it  is  sometimes  nearly 
brass-yellow  in  colour,^  it  has  perhaps  been  mistaken  by  some 
obscivers  for  calaverite  (another  common  form  of  telluride  in  this  . 
locality),  which  is  a  lustrous  bronze-yellow.  Those  portions  of  the 
ore-bodies  which  carry  this  latter  mineral,  Mr,  T,  A.  RJckard 
observes,^  are,  it  may  be  remarked,  frequently  characterised  by  the 
presence  of  calcite,  and  he  inclines  to  the  belief  that  it  is  more 
characteristic  of  the  Kalgoorlie  ores  than  sylvanite,  which  is  the 
telluride  most  frequently  met  with  at  Cripple  Creek.  The  fineness 
of  the  Kalgoorlie  bullion  up  till  recently  would  rather  favour  this 
supposition,  but  it  is  a  somewhat  difficult  point  to  settle,  as  dif- 
ferent mines  may  contain  different  tellurides  in  varying  amounts. 

■  '  The  Tellnride  Ores  of  Cripple  Creek  and  KalgootLe,'  by  T.  A.  Riektud,  Tram. 
Am.  Intl.  of  Mining  Enginrtrs,  vol.  xm. 

\  Analysis  No.  I  was  made  by  Mr.  Richud  Pearce,  in  1894,  from  a  Cripple  Cieek 
specimen,  and  No.  2  is  from  the  sylvanite  of  the  Ked  Cloud  mine,  made  by  Gcnlh  in 
1874,  AoBjysis  No.  3  is  its  composition  as  given  by  E.  S.  Duia,  '  A  Text-Boole  of 
Mineralogy.'  Mr.  E.  S.  Simpson  states  Ihat  (joldsch  mid  tile,  which  is  sometimes 
described  as  sylvanite,  occurs  al  Kalgoorlie  ;  its  composition  corresponds  to  the  fonnubi 
(AuAg)Te,  and  he  gives  the  following  analyses  of  it,  Bull.  No.  6  Gal.  Sutv.  of  W.A. 

No.  I.       No.  3.       No  ].  Knitch.  Cuiwl. 


Tellurium 

.       6061     59-78      5S-8 

.      3545    a6-36     aSs 

13-94     13-86      15-7 

Gold 

.           3& 

55 

29-85 
9-il 

Gold      . 

Silver 

9 

76 

Silver    . 

Copper 

3? 

•"S 

Iron 

06 

.Nickel 

Tellurium 

60 

83 

60-4S 

Selenium 

Sulphor 

09 
99-91 

99"  73 

I  Mr.T.A 

Rickard  says  :  August  Frenzel  {Tick.  Mi». 

MUlk. 

897.XV 

.  288, 289) 

gives  the  following  analysis  of  a  specimen  from  Kalgoorlie,  which  he  labels  sylvanite : 
lelturium  58-63,  gold  36-60,  silver  3-82  per  cent.,  but  (he  composition  is  much  nearer 
that  of  iciennerile,  (be  prismatic  hrilliaat  vertically-striated  crystals  of  which  occur  in  the 
ores  of  (he  Moon-Anchor  and  other  mines  on  Gold  Iliil,  Cripple  Creek.  The  colour  of 
krenn;riie  is  like  that  of  sylvanite,  but  it  has  a  greater  tendency  (o  a  slight  brassy- 
ycllowtinge.  $  Trnni.  Inil.  ef  Mining  and  Metallurgy,  vo\.\i.  ^.  197. 
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Mr.  E.  S.  Simpson  considers  calaverite  to  be  the  most  common  tellu- 
ride  at  Kalgoorlie. 

The  following  analyses  of  calaverite  •  AuTe,  which  possesses 
a  specific  gravity  of  9  to  9'277.  indicate  its  composition;  No.  2 
being  that  of  a  specimen  submitted  by  Mr.  F.  W,  Grace,  A,R.S.M,, 
to  Mr.  Pittman,  and  it  will  be  noticed  that  the  West  Australian 
specimens  seem  to  show  about  42  per  cent  of  gold  and  less  than 
I  per  cent  of  silver,  whilst  those  from  Cripple  Creek  seem  to  have  an 
average  composition  ranging  from  38  to  40  per  cent  in  gold  with 
about  3  per  cent,  of  silver. 


Calavseite  (Ka]gooilie). 

Calavbrits  (Cripple 

Creelt). 

- 

aiC:. 

No.  .. 

No.  J. 

No.  4.                  No.  5- 

W.r.HJldel^d.  F.C.'knii?!. 

(GlttB  br  T.  A.  RickMd.) 

N0.6. 

TeUnriDm 
Silver     . 

ST '7 

4>-37 

■58 

1    pcrunl. 
I      5664 

5863 
J06 

p««iit. 

5T»7 

PUCCIIL 

40- 14 
363 

40-70 
3-53 

99" 

\    99-ao 

t99-9i 

99-43 

9999 

lOOlI 

Sp.gr.    . 

9-3" 

1    9'377 

9  043 

In  addition  to  these  minerals,  a  dark  variety  of  telluride  is 
fairly  abundant  at  Kalgoorlie.  It  is  very  similar  in  composition  to 
coloradoite,  t  is  "  iron  black "  in  colour,  and  has  a  sub-conchoidal 
fracture  and  unctuous  lustre.     It  is  a  telluride  of  mercury  HgTe, 

*  Calaierite  (^es  its  name  from  Calaveras  Counly,  Csl.,  where  it  wns  first  discovered 
in  the  Stanislaus  mine.  As  eltewheie  meniiDned,  a  splendid  mass  was  Tound  bj  Heiu7 
Neiilcirk  in  the  Melvina  mine,  Bouldei  County,  in  1B77,  associated  with  magnetic  and 
fluorite.— 7".  ^.  Riciard. 

E.  S.  Dana  gives  tlie  following  analysis  of  calaverite,  hy  Genlh —   l^  tmi. 

Tellurium 55 '5 

Gold 44S 


t  This  analysis  showed  in  addition  to  the  above  constituents  '29  per  cent,  of  copper; 
•09  per  cent,  of  iron  ;  '07  per  cent,  of  nickel ;  I  ■  13  per  cent,  of  selenium  ;  and  •  10  per 
cent,  of  sulphur.     Bull.  No.  6  Gml.  Survey  of  W.A.,  p.  15, 

\  E.  S.  Dana  gives  the  following  analysis  of  coloradoite,  by  Genth — 
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vide  the  following  analysis  of  a  specimen  from  the  Australia  mine 
given  by  Mr.  Simpson  •  : — 

Color  ADOITE  (from  Kalgooilie). 

Tellunain      .......  49'4S 

Gold tiace 

Silver 1% 

Metcory S0'40 

Sp.  gr.       .         .         .         .  8068 

Coloradoite  was  first  discovered  byGenth  in  specimens  from  the 
Mountain  Lion  mine  at  Magnolia,  Colorado. 

A  black  opaque  waxy  telluride.somewhat  resembling  coloradoite, 
has  also  been  discovered  at  Hannan's,  which  Mr.  Pittman  has  named 
kalgoorlite,  regarding  it  as  being  a  new  mineral,t  composed  of 
tellurium  in  combination  with  gold,  silver  and  mercury  with  a  trace 
of  copper.  Its  composition,  as  given  by  Mr.  Mingaye  (Analyst  to 
the  N.S.W.  Geological  Survey)  is  as  given  below.  It  is  massive 
and  brittle,  with  a  brilliant  metallic  lustre,  and  answers  in  composi- 
tion to  the  formula  Au^AgtHgTe,,  requiring  gold  19*6  percent., 
silver  32  ■  3  per  cent.,  mercury  10  per  cent,  tellurium  38 "  i  per  cent. 
An  analysis  made  by  Mr.  A.  C.  Claudet  of  another  specimen  is  very 
similar  to  the  original  one.  Coolgardite,  another  telluride  peculiar 
to  KalgoorlJe,  is  steel-grey  to  yellow-grey  in  colour,  devoid  of 
cleavage,  and  its  formula  is  given  by  E.  S.  Simpson  as  (AuAgHg») 
Tcj  and  he  gives  the  three  following  analyses  of  it ; — 


Kau^oorut. 

COOLOARDITE. 

^'--sSS^i 

£.K.SISiX.^ 

■IriltotiKNcw 

A.  C  <?£"■!«. 

Anidy 

abyACuuc 

Mercery 

per  ctnt. 
10-86 

00s 

po  cent. 
(bydiff.)37 

per  ceiJl. 
3-10 

•30 

3- 70 

V& 

53-70 

Itace 

patent. 

Gold  . 

37-06 

SII3 
■90 

Iron 
Antimony   . 

Sp-g..         . 

loo-oo 

loo 

997S 

99-15 

99-58 

8-791 

~ 

~ 

- 

- 
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A  specimen  of  telluride  obtained  from  the  200-feet  level  of 
Tetley's  shaft  at  the  Associated  goid-mine,  analysed  by  Mr.  F.  W. 
Grace,  proved  to  be  petzite,*  and  in  a  letter  to  Mr.  T.  A  Rickard  he 
gives  its  specific  gravity  as  9,  and  hardness  2 '  5  to  3.  Mr.  Giace's 
two  analyses  were  as  follows :   analysis  No.  3  is  by  Camot. 


Silver       . 

.         24-64 

MeicDcy 

■39 

Copper   . 

Petzite  {AuAg)jTe,  which  is  black  or  steel-grey  in  colour,  is 
stated  to  be  rare  both  in  Kalgoorlie  and  at  Cripple  Creek,  though  in 
the  former  district  it  has  been  found  in  the  Boulder  Main  Reef,as  well 
as  in  the  Associated  mine.  Mr.  Rickard  adds  that  he  has  found  it 
in  specimens  from  the  Geneva  mine,  on  Gold  Hill,  and  in  the  ore 
of  the  Porter  Gold  King,  above  Anaconda,  at  Cripple  Creek. 

It  is  characteristic,  he  says,  of  the  Golden  Fleece  mine,  an 
isolated  occurrence  of  tellurides  in  Lake  County,  Colorado,  which 
between  1894  and  1896  produced  1,400,000  dollars  from  a  com- 
paratively small  tonnage  of  ore. 

My  friend  Mr,  Arthur  C.  Claudet,  A.R.S.M.,  has  kindly  given 
me  the  following  interesting  analysis  of  a  specimen  of  telluride 
from  the  Australia  mine. 

Mineral  Analvsbd  by  A.  C  Claudet. 

Gold 19 

Silver 8 

Mercury 13 

Tellurium .  60 

This  telluride,  it  would  seem,  may  be  described  by  the  same 
general  formula  as  sylvanite  (RTeg),t  but  with  the  addition  of 
so  large  a  proportion  of  mercury  to  its  constituents  it  would  almost 
appear  to  be  entitled  to  rank  as  another  new  mineral,  if  kalgoorlite 
and  coolgardite  can  be  so  regarded  ;  but  further  investigation  seems 
to  be  necessary  to  settle  this  point. 

pDie  variety  of  the  latter,  and  may  be  looked  upon  as  a  mixture  ofpetzile  and  colotftdoite.'' 
Op.cit.  (Petzite  has  a  composition  of  gold  25 'S  per  cent.,  silver  42'0  per  cent,,  and  tel- 
lurium 32  5  per  cent.)  Recent  investigations  by  Mr.  L.  J.  Spencer,  Proc.  Minerahgkat 
Sue.  (an  alKtract  of  which  is  given  tn  Nature,  Jane  26,  1903),  seem  to  confirm  this  view. 

*  An  atialyais  of  Kalgoorlie  petzile  by  Krusch  showed  '  lo  per  cent,  of  copper,  '07  of 
icon,  'oS  per  cent,  of  nickel,  1  45  per  cent,  of  selenium,  and  26  per  cent  of  antimony, 
with  24' 33  per  cent,  fiold ;  40' 70  per  cent,  silver,  and  3a'fio  per  cent,  of  tellurium.— Ai//. 
JK".  6  Gcal.  Survey  of  fV.A.,  p.  I7. 

t  From  an  examination  thai  was  made  of  it  by  Prof.  H.  Bauerman,  A.R.5.M.,  F.G.S. 
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Mr.  H.  F.  Bulman's  view  *  corresponds  with  that  of  Mr.  Card, 
viz,  that  "  the  tellurides  of  gold,  together  with  the  associated 
carbonates  of  lime  and  magnesia  and  the  secondary  quartz,  have 
been  introduced  into  the  ore-bodies  by  solutions  which  found  ready 
access  along  the  planes  of  parting  produced  by  incipient  foliation." 

Free  gold  is  found  in  the  common  "  rough  "  form  and  in  "  flakes  " 
creating  cleavage  and  foliation  planes. 

Although  specks  of  "  free  gold  "  are  occasionally  seen  in  the 
^rites,  the  gold  is  generally  present  combined  with  the  sulphides 
and  tellurides.  In  evidence  of  this,  Mr.  Frecheville  states  that  he 
ground  up  and  "panned"  a  small  piece  of  ore  with  every  care, 
which  doubtless  assayed  very  many  ounces  to  the  ton,  showing 
a  considerable  amount  of  pyrites  and  visible  telluride,  but  not  a 
"  colour  "  of  gold  could  be  seen. 

Once  in  a  while,  however,  small  particles  of  crystalline  gold 
are  met  with,  surrounded  by  crystals  of  telluride  low  in  gold, 
and  Mr.  Pittman  notes  an  instance  t  in  which  lai^^e  masses  of 
beautiful  "  sponge  gold "  occurred  in  a  "  vugh "  in  the  stone. 
Mr.  A.  G.  Holroyd  mentions  that  a  specimen  exhibited  at  the 
Coolgardie  Exhibition,  of  what  is  locally  called  "sponge  gold," 
was  found  at  the  200-feet  level  of  the  Great  Boulder,  consisting 
of  a  mass  of  brilliant  gold  crystals  and  nodules  discovered  in  a 
"  vugh  "  in  the  ore,  where  about  70  lb.  weight  was  taken  out  Jn  a  few 
hours  on  March  19,  1897. 

Speaking  of  a  recent "  strike  "  in  the  Great  Boulder  Perseverance, 
125  feet  east  of  No.  4  Shaft  at  the  300-feet  level,  the  Kalgoorlie 
correspondent  of  Tfu  Australian  Mail,  in  its  issue  of  March  15, 
19CX1,  thus  described  what  may  be  regarded  as  a  still  more  rare  and 
peculiar  occurrence. 

"  Big  veins  and  splashes  of  telluride  occur  in  the  rock,  while 
the  whole  of  it  is,  in  addition,  full  of  small  particles  mixed  with 
iron  pyrites.  The  cross-cleavage  of  the  rock  also  carries  coarse 
gold,  some  of  it  occurring  in  the  form  of  small  bars,  similar  to 
those  met  with  at  the  joo-feet  level  of  the  Great  Boulder.^      This 

•  *ThcKalEo°tl'«GoldMiiie»,'byH.r.  Bulman,  Tram.  Iitit. 0/ Minine Enginttri, 

"  sponge  gold  "  of  a  deep-red  coloar  in  cavities  in  the  ore 

n  the  s>m«  vem 
,    ,  IS  to  have  been  some  form  of 

"crystalline  "  ot  "plate  gold,"  such  as  a  cubical  crystal  found Bl  Norseman  which  had  three 
faces  aboat  I  inch  long  fully  developed  ;  and  some  gold  from  Bulong  showed  trianguJar 
groups  of  crystal  faces  developed  on  the  surface  of  flat  sheeti  of  metal.  The  italics  are 
Ibe  Author's. 
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is  the  second  time  in  the  history  of  the  lield  that  these  Bat  bands 
of  gold  running  up  to  nearly  one-sixteenth  of  an  inch  in  thickness 
have  been  met  with." 

Both  at  Cripple  Creek  and  Boulder  County,  Colorado,  fluorite, 
of  an  amethyst  or  purple  colour,  is  frequently  associated  with 
telluride  ores;  and  in  the  latter  district,  roscoelite*  (a  brownish- 
grey  or  olive^reen  vanadium  mica)  is  closely  associated  with 
calaverite  and  sylvanite,  and  Mr,  T.  A.  Rickardf  mentions  that 
he  found  the  same  rare  mineral  in  the  telluride  ores  of  Kalgoorlie. 
He  also  observed  tourmaline  in  the  form  of  acicular  crystals,  in 
contact  with  coarse  gold,  in  these  deposits,  and  also  in  a  condition 
of  minute  diffusion  forming  dark  blotches  in  the  white  quartz.  A 
similar  occurrence  of  tourmaline,  he  states,  may  be  seen  at  Niagara, 
Pinyalling,  and  elsewhere  in  Western  Australia,  and  the  gold  ores 
of  Mysore,  in  India,  cany  the  same  mineral.  Chlorite  seems  to 
be  characteristic  of  Cripple  Creek  and  the  protogene  of  Boulder, 
in  Colorado,  as  well  as  of  the  schistose  Kalgoorlie  "  formations  "  ; 
whilst  quartz,  it  may  be  noted,  occurs  in  all  these  localities,  in 
remarkably  small  amount. 

Telluride  ores,  when  weathered,  are  said  to  be  characterised  by 
a  chocolate  tint,  and  when  roasted,  the  gold  sweats  out  in  round 
metallic  buttons,  which  present  a  scoriaceous  appearance  ;  they 
were  first  discovered,  I  believe,  at  Kalgoorlie,  on  Block  45,  by 
Mr.  J.  C.  Moulden,  A.R.S.M.,  in  May  1896.  Mr.  J.  W.  Broomhead  in 
Tke  Financial  Times  of  November  4,  1897,  gave  the  following  list  of 
mines  in  which  telhirides  have  been  found,  with  the  approximate 
date  of  the  discoveries. 

•  Id  Mr.  Ricltird's  papei,  'The  Telluride  Ores  of  Cripple  Creek  and  Kalgoorlie,' 
he  gives  Eereral  analyses  of  this  miners]  by  Gcnth,  Roscoe  and  Hildebrand,  and  oce  of 
spedfll  interest  bj  F.  C.  Knight,  from  a  paper  by  Mr.  Richard  Pearce,  eniitled  '  Notes 
on  a  Peculiar  Occuiience  of  Tellniium  in  a  Gotd-ore  from  the  Great  Boulder  Main  Reef, 
Vf.A.,'  £ul.  Cole.  Sci.Soc.,  No.  8,  1S97,  showing  SiO,  43-65,  V,0,27-ll,  A1,0,  9-95, 
CaO  1*43,  MeO  1*51.  This  ancommon  mioeral  is  staled  lo  hare  been  found  in  handful 
in  the  form  of  greeoiah-brown  micaceous  spai^les  by  the  miners  who  worked  ttie  placer 
eronnd  in  the  ravine  below  Suiter's  mill,  Califomis,  where  gold  was  first  discovered. 
Waldemar  Lindgren  states  in  the  Min.  and  Sci.  Pras,  June  I,  1501,  that  it  was  first 
discovered  in  small  quartz  veins  near  Caloma,  El  Dorado  County,  California.  He 
says  it  occun  abundantly  in  the  recently  discovered  rich  shoot  of  the  Belle  of  Baker, 
in  the  rich  shipping  ore  found  some  time  ago  in  the  Golconda  mine,  and  finally  in  a 
similar  rich  shipping  ore  lately  discovered  in  the  Columbia  mine  in  Eastern  Oregon. 
The  mineral,  which  is  very  conspicaous  and  looks  much  like  Soely-divided  chlorite,  has  a 
duU-greenisb  colour  wilh  a  slight  tinge  of  yellow.     It  occurs  intimately  intergrown  with 

2uaitz  in  micro- crystalline  aggn^ales  ol  tufted  fibres,  generally  so  tine  that  its  separation 
om  the  quartz  is  almost  impossible.  The  mineral  hi^  a  high  double  refraction,  but  the 
fibres  do  not  seem  to  be  strongly  pleochroic.  The  gold  with  whicii  it  is  generally  closely 
associated  in  gold  quarti  veins  is  frequently  intergrown  with  it,  or  surrounded  by  it. 

t  '  The  Minerab  which  accompany  Gold,  and  their  Bearing  upon  the  Richness  of  Ore 
Deposits,'  Trans.  Inst,  of  Mining  and  Mttallur^',  vol.  vi. 
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Compuny. 

Dale  of  Wfcomr- 

Assoduted  Gold  Mbes       ....         November  1S96 

Btown  HiU  Central   . 

October      1897 

„         Excelsior 

May            1897 

Junction  . 

Juri            1897 

Centtal  Boalder 

Cbafleis    . 

Augurt       1897 

Croesus     . 

November  1896 

Golden  Horse  Shoe    . 

February    1897 

Gre«t  Boolder  M«!n  Reef 

November  1S96 

irs^iip 

Proprietary 

Hannan's  Block  45    . 

March        1896 

„         Golden  Group 

April          1897 

,,        Oroya 

Tann«T  1897 
Vebmiry    1897 

Paringa      . 

„       Reward 

January  1897 
Tebmary    1897 

..        Star  . 

Ivanhoe    . 

November  1896 

„      S.  Extmded. 

Scplember  1897 

Kaleoorlie  Gold  Mines 

January  1897 
November  1896 

Lake  View 

Central     . 

September  1897 

„         South 

„         1897 

Mount  Charlotte 

February    1 897 

North  Boulder 

April          1897 

„      Kalgutli 

April-May  1897 

Sherlaw's  Perseverance 

June            .897 

South  Kalgurli 

April          1897 

Tr«e  Blue 

January      1897 

In  Europe,  Klaproth  is  stated  to  have  discovered  •  tellurium 
in  the  ores  of  Zalathna  in  Transylvania,  in  1802,  and  tellurides 
have  been  found  associated  with  rich  gold  ores  at  Nagyig  and 
Offenbinya.  In  America  they  were  discovered  about  1857  and 
have  been  known  as  iinportant  ores  of  gold  and  silver  since  i86S-t 
Tellurides  were  subsequently  found  in  the  La  Plata  mountains,  in 
Colorado  and  several  mining  camps  (notably  at  the  Smugglers 
mine)  in  Boulder  County  (where  they  are  stated  to  have  been 
discovered  between  1872  and  1S74,  in  commercial  quantities),  and 
more  recently  at  Cripple  Creek,  Other  American  localities  might, 
however,  be  named  where  they  occur,  such  as  California,  Virginia, 
North  Carolina,  Canada  (Lake  of  the  Woods)  and  Soulh  Dakota  ; 
and  in  South  America,  in  Brazil. 

Some  of  the  early  discoveries  of  tellurides  in  Colorado  were  very 
rich,  the  ore,  which  was  of  a  dark-brown  or  black  colour,  selling  to 
the  smelters,  it  is  said,  at  lor.  to  501.  a  Ib-J     "The  mines  were  not, 

*  Tellurium  was  discovered  by  F.J.  Miiller  von  Reichenstein  in  1782,  and  first 
investigated  by  Klaproth  in  1798. 

t  Their  discovery  in  the  Stanislaus  mine  in  California  was  described  in  a  "  paper"  by 
C.  A.  Sletefeld  on  the  '  Reduction  of  Telluric  Gold  and  Silver  Ores.' 

X  Mining  your aal,  London,  Oct.  5,  1901. 
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however,  a  success,  being  of  the  same  class  as  the  Cornishman 
describes  as  a  feast  and  a  fast,  "  bal,"  where  the  fasts  were  too  long 
for  the  feasts.  In  the  MarysviUe  district,  Pinte  County,  Utah, 
few  small  rich  pockets  of  telluride  were  found ;  the  ore  was  soft  and 
black,  not  unlike  copper-ore.  The  miners  used  to  carry  the 
specimens  in  their  pockets,  and  would  occasionally  rub  them  on 
their  clothes,  when  specks  of  gold  would  occasionally  appear. 
Friction  in  that  camp  was  the  miner's  ready  method  of  detecting 
telluride,  just  as  a  few  years  later  the  heat  of  a  cooking-stove  was 
the  mode  adopted  at  Cripple  Creek  by  the  early  prospectors  for  the 
same  purpose.  The  sulphur  and  tellurium  were  easily  volatilised, 
leaving  small  shells  or  bubbles — not  shot — of  gold. 

Cripple  Creek  is  stated  to  have  produced  ^18,073,539  from  its 
telluride  ores  in  1900;  and  $17,261,579  in  1901. 

Tellurides  are  said  to  have  been  found  in  Upper  Burmah, 
and  in  South  Africa.  They  are  met  with  i^in  in  the  North 
Island  of  New  Zealand,  and  were  discovered  by  Mr.  E.  S.  Simpson 
in  the  sulphide  ore  of  Mount  Morgan,  in  Queensland  ;  whilst  in 
Western  Australia  they  accompany  the  ores  of  Red  Hill  and 
Bardoc,  as  well  as  Kalgoorlie. 

It  will  thus  be  seen  that  the  occurrence  of  tellurides  is  much 
more  common  than  is  generally  supposed,  and  its  mere  presence  in 
no  way  guarantees  the  commercial  value  of  the  deposit,*  as  outside 
of  Transylvania,  Cripple  Creek  and  Kalgoorlie,  tellurides  can  only 
be  regarded  as  interesting  minerals  accompanying  various  gold 
ores,  and  in  themselves  of  little  economic  importance,  being  usually 
present  in  too  insignificant  quantity. 

The  presence  of  tellurium  (an  element  which  has  a  specific 
gravity  of  about6'33  and  an  atomic  weight  of  I  zg)  does  not  even  al- 
ways denote  high-grade  ores,  since  some  tellurides  (as  may  be  seen 
by  referring  to  the  analysis  of  coloradoite)  only  contain  a  trace,  if 
any,  gold ;  still,  as  a  rule,  I  believe  the  precious  metal  has  hitherto 
invariably  been  found  associated,  in  greater  or  less  amount,  with 
tellurides. 

The  idea  that  the  presence  of  tellurides  necessarily  assures 
persistence  in  depth,  is  also  popular,  because  it  happens  to  be  an 

*  In  prooT  of  this  I  may  ciie  an  insUnce  given  by  Mr.  Rickord  (Mi ),  irbo  say*,  "  An 
eipericDcc  of  nearly  twenty-five  years  in  the  mining  districts  of  Magoolia,  Salina  and 
SunshiDe,  in  Bouldet  County,  Colorado,  has  proved  to  the  minerB  that  these  ores  occur 
in  comparatively  small  bodies,  of  remarkable  richnesi,  btU  of  very  irregular  and  uncertain 
bebaviour." 
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agreeable  fallacy ;  and  in  proof  of  this,  Mr.  Rickard  instances 
Transylvania  as  an  example  of  impoverishment  in  depth. 

This  brings  me  to  the  question  of  the  alleged  marked  enrich- 
ment of  the  Kalgoorlie  ores  with  depth ;  a  proposition  which  has 
supporters  (amongst  stock-operators),  and  dissentients  amongst 
many  mining  engineers. 

Such  an  enrichment  might  take  place  in  two  ways,  either  at  the 
period  when  the  deposits  were  originally  formed,  which  may  be  called 
for  the  sake  of  distinction,  "  primary  enrichment,"  or  it  might  have 
occurred  subsequently,  as  in  the  case  of  the  oxidised  ores,  through 
secondary  deposition  of  the  gold,  by  what  is  termed  "  secondary 
enrichment" 

Mining  men  who  support  the  Idea  of  "secondary  enrichment  ' 
in,  depth  do  so  on  the  grounds  : — 

[a)  That  the  solvent  power  of  the  surface  waters  has  carried 
gold  down  from  the  surface,  and  so  enriched  the  deeper  levels. 

But  against  this  view,  there  are  three  very  strong  ailments : — 

1.  The  absence  of  surface  water  in  any  quantity,  as  evidenced 
by  the  fact,  mentioned  by  Mr.  Rickard,  that  in  the  Great  Boulder 
Main  Reef  mine,  at  Kalgoorlie,  the  roots  of  trees  have  been  found 
penetrating  to  a  depth  of  85  feet  below  the  surface,  as  he  suggests, 
in  search  of  moisture. 

2.  That  the  solvent  power  of  the  surface-water  to  any  large 
extent,  is  open  to  question. 

3.  That  any  gold  so  dissolved  would  be  precipitated,  as  already 
shown,  in  the  brown-stone  zone,  by  the  action  of  organic  acids  and 
other  precipitating  agents  it  would  meet  with  near  the  surface  in 
its  downward  course. 

{b)  "  Secondary  enrichment "  might,  however,  take  place  by  the 
action  of  circulating  underground  waters  ;  and  the  advocates  of  this 
idea  claim  that  the  mine  waters  at  Kalgoorlie  contain  a  certain 
proportion  of  free  sulphuric  acid,  derived  from  the  decomposition 
of  the  pyrites ;  whilst  it  is  an  indisputable  fact,  that  they  are  in 
many  instances  exceedingly  brackish,*  and  if,  as  Mr.  Grayson 
believes,  gold  is  soluble  in  sulphuric  acid,  when  tellurium  oxide  is 
present  in  water  chained  with  these  salts  (owing  doubtless  to  the 

*  An  analysis  made  at  the  Great  Boulder  mine,  fumithed  Mr.  Rickard  by  Mr.  Richaid 
Hamilton,  showed  an  average  in  solids  of  8'9  per  cent.,  of  which  6'a  was  chloride  of 
EOdium,  o'45  chloiide  ofniBgne^a  and  0'73  sulphate  of  lime.  The  watet  from  Ibe  Lane 
Shaft  gave  Ibe  maximum  of  ti'9  per  cenL  solids;  containing  S'S  NaCl ;  o'5i  MgCI,  ; 
and  I  •  I  CaSO,. 
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fact  that  the  telluric  oxide,  like  manganese  di-oxide,  In  presence  of 
salt  and  sulphuric  acid,  generates  chlorine),  as  Mr.  Rickard  points 
out,  a  theory  is  established,  which,  if  it  has  no  very  strong  evidence 
to  confirm  it,  is  tenable  from  a  chemical  standpoint. 

Still,  afler  all,  admitting  such  a  possibility,  it  would  probably 
merely  mean  the  "  robbing  of  Peter  to  pay  Paul,"  the  enrichment 
of  one  part  of  the  formation  below  water  level,  at  the  expense  of 
another. 

As  regards  the  evidence  of  "  primary  enrichment "  below  water- 
level,  or,  in  other  words,  the  question  whether  the  sulpho-telluride 
ores  will  be  found  generally  richer  in  depth  than  the  oxidised  ores, 
what  has  been  already  said,  in  considering  the  circumstances  that 
have  tended  to  enrich  the  brown-stone  above  water-level,  shows  that 
the  evidence  on  the  whole  rather  points  the  other  way,  if  the  relative 
quantity  of  gold  which  a  fathom  of  "  formation  "  yields  is  taken  as 
a  basis  of  comparison  ;  and  in  this  connection,  there  Is  certainly  no 
ground  for  the  belief,  as  some  persons  endeavour  to  claim,  that  there 
is  a  "  progressive  enrichment "  of  the  "  formations  "  with  increasing 
depth. 

On  the  other  hand,  considering  that  some  of  the  tellurides  carry 
as  much  as  41  per  cent,  of  gold,  it  is  to  be  expected  that  certain 
parts  of  the  unoxidised  ore-bodies  in  which  telluride  minerals  are 
found  occurring  in  considerable  quantities,  if  compared  with  the 
"  brown-stone  "  formation  considered  as  a  whole  (in  which  the  gold 
has  probably  been  redistributed  to  a  greater  extent),  may  be 
considerably  richer,*  ton  for  ton  mined  and  treatcd,t  whilst  other 
portions,  which  happen  to  be  less  mineralised,  are  doubtless 
poorer  than  the  richer  class  of  "  brown-stone."  In  fact,  there  is 
no  "  golden  rule,"  and  parts  of  the  "  formation  "  below  water- 
levels,  like  portions  above  it,  must  necessarily  vary  in  value  from 

*  As  a  COM  in  point,  it  ic  sUled  ihnt  lamplrs  taken  from  tfae  first  too  tons  of  the  looo 
ton  shipmcDt  of  telluriiie  ore  sent  from  the  Lake  Vieir  Consols  to  lllawatra  in  April 
1899,  assayed  67  01.  of  gold  and  ■^  oz.  of  silver  per  ton ;  whilst  26ao  Ions  treated  are 
slated  in  the  Company's  Annual  Report  (1899)  to  have  actually  yielded  an  average  of 
38-97  01,  per  ton. 

t  Mr.  Plttman  says  ;  "  So  ^  is  I  could  ascertain  there  has  not  bee&  any  notable  de- 
creaK  in  the  ricbness  of  the  ore-bodies  ai  Ihey  descend.  On  the  contraty,  in  some  mines 
the  value  of  the  ore  appears  to  have  increased  in  the  lower  levels.  However,  as  the 
greatest  depth  bitberto  attained  ii  only  a  little  over  30a  feet,  it  would  be  lisky  to  predict 
that  no  impoveiUhment  will  take  pUee  as  the  excavations  are  carried  downwaids. 
IndeediE  will  be  more  naaoDableloexpect  that  the  auriferous  ores  nil!  be  found  to  occur  in 
'  shoots,'  at  it  the  case  iit  so  many  true  lodes."— /Jirf.,  p.  13. 
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poiat  to  point ;  whilst  it  may  be  added  that  the  orcbodies  generally 
seem  to  be  narrower  in  the  unoxidised  zone*  but  more  clearly 
defined. 

As  an  instance  of  what  has  been  said,  I  might  cite  a  strike  at 
the  Boulder  Perseverance,  at  the  300-feet  level,  of  which  mention 
has  been  made,  which  was  described  in  a  report  of  the  discovery 
in  the  following  terms  : — 

"  It  is  3^  feet  thick,  and  is  by  far  the  richest  make  of  stone  yet 
opened  in  this  property.  The  reef  has  been  driven  on  for  a  length 
of  about  15  feet  north  and  south  from  the  cross-cut,  and  samples 
tried  indicate  that  the  value  varies  from  20  oz.  to  30  oz.  per  ton  all 
through." 

It  is  impossible  in  fact  to  say,  in  any  general  sense,  that  the 
"  formations  "  get  richer  on  the  whole  in  depth,  considering,  as  Mr. 
William  Frecheville  has  pointed  out,  that  bulk  crushings  in  the  early 
days  of  the  field  frequently  yielded  as  high  a  return  as  2  to  4  oz. 
to  the  ton,  in  20-  to  30~stamp  mills  ;  in  spite  of  the  fact  that  6  to 
8  feet  was  quite  a  moderate  width  of  stope,  and  they  often  reached 
15  or  20  feet  in  width  in  the  brown-stone  "  formations."  A  falling 
off  in  the  average  mill  yields,  which  appears  to  have  led  some  people 
to  jump  to  the  opposite  conclusion,  does  not,  however,  necessarily 
indicate  a  deterioration  in  the  value  of  the  "  ore-bodies  "  ;  since  it  is 
invariably  the  case  that  when  increased  capacity  is  demanded  in  the 
reduction  works,  to  keep  up  the  output,  large  quantities  of  low-grade 
ore  come  to  be  treated  (because  it  pays  to  do  so  on  a  large  scale) 
which  would  have  to  be  left  on  one  side  by  small  mills  ;  and  it  has 
lately  been  observed  (igor)  that  in  the  deeper  workings  of  some 
of  the  mines  the  ore  has  become  of  a  more  acid  and  pyritic  char- 
acter, carrying  tellurides  in  more  or  less  quantity,  and  silver  is 
present  in  larger  proportion. 

The  apparent  falling  olf  in  value  in  depth  in  some  of  the  mines 
(judged  simply  by  crushing  returns)  need  not,  therefore,  I  think 
cause  anxiety,  as  in  most  cases  where  telluride  deposits  have 
proved  unreliable  they  seem  to  have  been  "  quartz  reefing  districts." 
The  "  lode  formations  "  of  Kalgoorlie,  like  the  pegmatite  dykes  of 
Boulder  County  and  the  "  phonoUte  dykes  "  of  Cripple  Creek — a 
field  discovered  in  1891,  the  output  of  which  has  been  remarkable — 

•  Idonotme&n  bjrlhis  to  suggest  th«  1  think  tlie  ore-beanng  "Jormaiians"  are 
likdy  to  pinch  oat  in  depth,  as  I  hold  perionnll^  quite  the  contrary  vietr,  on  giounds 

et&ewh«e  elated. 
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arc,  however,  of  a  totally  different  character,  the  ore-bodies  in  both 
cases  being  closely  associated  witli  rocks  of  distinctly  igneous 
origin ;  and  whilst  the  deposits  in  Transylvania  are  stated  to  have 
become  more  or  less  impoverished,  they  are  of  a  different  type, 
viz.  quartz-veins  in  younger  volcanic  rocks  (andesites).  Tertiary 
limestones,  sandstones,  and  conglomerates. 

To  sum  up  the  position,  it  seems  probable  that  the  Kalgoorlie 
formations  owe  their  origin  to  a  complex  series  of  igneous  eruptive 
intrusions  (some  of  which  no  doubt  were  more  acid  in  character 
than  others)  which  burst  through  the  older  mass  of  eruptives,  at 
different  periods ;  a  series  of  dyke  fissures  thus  came  into  existence, 
without  any  marked  yawning  or  gaping,  except  such  as  might  be 
produced  by  longitudinal  faulting*  and  compression,  and  more 
particularly  by  the  contraction  of  the  dykes  in  cooling. 

Spaces  would  thus  have  been  formed,  along  which  heated  solu- 
tions and  possibly  vapours  may  have  been  forced.t  which  perhaps 
penetrated  the  country  rock  on  each  side  of  such  cracks  along  the 
foliation  planes  and  other  crevices  In  the  rock,  dissolving  out  certain 
of  its  constituents  and  replacing  them  by  others,  thus  altering  the 
nature  of  the  rock  to  a  large  extent  in  the  neighbourhood  of 
the  dyke,  but  gradually  less  and  less  further  away,  until,  where  the 
country  rock  retains  its  original  form  no  alteration  at  all  took  place, 
and  any  open  spaces  were  healed  and  tilled  up  by  silica  and  lime 
deposited  from  solution  as  the  rock  cooled.  % 

Mr.  Pittman  remarks  §  : — "  When  the  mode  of  occurrence  of 
the  tellurides  is  studied,  when  they  are  seen  to  be  disseminated 

•  Evidence  of  such  "fauUing"  is  shown  by  "slickensides"  (of  which  an 'example 
might  be  .meniioned  in  the  North  Boulder  rnine),  to  which  icfctence  is  made  by 
Professor  Schmeisser.     Of  tit. 

t  Mr.  Pittman  says,  p.  14,  ibid. :  "  The  quettjon  a%  to  whether  the  deposition  of  the 
minerals  ha?  resulted  from  "lateral  secretion"  or  from  "ascension"  of  such  solutions, 
is  oae  that  will  require  mote  invesligaticm  ihan  is  possible  at  present,  but  in  view  of  the 
dens-  character  of  the  unproductive  rocks  adjoining  the  productive  bells,  I  venture  to 
think  that  if  Ike  ore  deposits  be  due  to  lateral  secretion,  the  leaching  of  the  precious 
metals  from  the  enclosing  rocks  must  have  taken  place  from  a  lower  level  than  has,  as  yet, 
been  reached  in  the  mine  workings,"  an  opinion  the  Author  is  inclined  to  hold. — A.  C. 

*  In  an  ancient  volcanic  area  such  as  this  is  proved  to  be,  considering  the  presence  of 
the  varions  telluride  minerals  containing  mercury,  which  is  perhaps  more  commonly 
present  than  is  generally  supposed,  it  does  not  seem  unlikely  that  sublimation  may  have 
also  originally  played  a  part,  although  perhaps  a  subordinate  one,  in  the  formation  of 
these  interesting  deposits. 

g  Annual  Report  af  tht  Diparlntent  of  Mines  and  Agriaillure,  New  South  Wales, 
1S97,  p.  141.  quoted  by  H.  F.  Bulman.     Op.  eit. 
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through  dykes  of  igneous  origin,  there  are,  I  think,  reasonable 
grounds  for  expecting  that  the  enrichment  of  the  deposit  by  these 
minerals  will  continue  probably  with  intermissions,  to  very  con- 
siderable depths."  Anyhow,  even  if  the  ore-bodies  do  not  increase 
in  value,  there  is  no  reason  to  suppose  that  in  sinking  others  will  not 
be  met  with  comparable  in  size  and  value  with  those  at  present  being 
opened  up  in  the  deeper  levels  of  the  different  mines,  as  they  gradu- 
ally work  down  to  greater  depths. 

Indeed,  so  far  as  one  can  venture  an  opinion,  judging  from  its 
past  production,  as  Mr.  William  Frecheville  has  aptly  said,  it  appears 
as  if  the  centre  of  the  Boulder  area  "  forms  the  richest  square  mile 
of  gold-mining  ground  known  anywhere." 

In  the  Mineral  Industry,  vol.  vi..  Professor  J,  Kemp  gives  a  very 
full  description  of  "  The  Geological  Occurrence  and  Associates  of 
Telluride  Gold  Ores."  In  the  same  volume,  Mr.  S.  M.  Dennis 
(p.  636)  describes  a  simple  method  of  detecting  tellurium  in 
association  with  other  minerals,  given  by  Professor  Rich.  Pearce  in 
the  Engineering  and  Mining  Journal,  April  17,  1897. 

In  conclusion,  it  may  be  remarked,  that  the  eruptive  rocks  are 
thought  by  von  Richthofen  to  have  been  poured  out  in  the  following 
succession:  (l)  propylite,  equivalent  in  part  to  the  older  named 
greenstone-trachyte;  (3)  andesite;  (3)  trachyte;  (4)  rholite ; 
(5)  basalt ;  and  Professor  Kemp  observes  that  the  same  succession 
has  been  noticed  in  America ;  the  significant  point  being  that  the 
earliest  eruptives  are  rocks  of  medium  percentages  in  silica,  the 
next  following  are  successively  more  and  more  siliceous  through 
rhyolite,  after  which  there  is  an  abrupt  change  and,  the  most  basic 
of  all,  basalt  closes  the  eruptive  activity. 

Whilst  Professor  Kemp  regards  the  telluride  deposits,  in 
Colorado,  as  having  a  close  connection  with  the  dykes  (the  dykes 
having,  in  some  cases,  filled  a  fissure),  he  considers  them  as  being 
true  veins  mostly  formed  along  lines  of  displacement,  that  have  as 
a  rule  been  slight. 

A  new  and  interesting  telluride — a  telluride  of  copper — that 
has  been  named  Rickardite,  after  Mr.  T.  A.  Rickard,  who  first 
called  attention  to  it,  occurs  at  Vulcan,  Colorado,  in  the  Good 
Hope  mine,  and  has  recently  been  described  by  Mr.  W.  E.  Ford 
{Am.  Jl.  of  Science,  vol.  xv.) ;  an  abstract  of  this  paper  is  given  in 
the  Eng.  and  Min.  Journal,  Jan.  17,  1903.  ; 
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CHAPTER  VI. 

WATER     PROBLEMS. 

In  the  early  days  of  the  Western  Australian  fields,  the  question 
of  obtaining  an  adequate  supply  of  water  for  mining  purposes 
presented  no  little  difficulty,  but  various  expedients  soon  suggested 
themselves,  by  which  the  apparent  want  of  this  essential  element 
for  the  development  of  the  industry  on  a  fairly  extensive  scale 
might  be  overcome. 

The  ordinary  and  natural  means  of  obtaining  the  requisite 
supply  were : — 

(i)  By  conserving  the  rain-water  in  dams. 

(2)  By  drawing  it  from  natural  reservoirs,  such  as  the  salt- 
lakes  and  creek-beds,  in  the  sandy  bottoms  of  which  fairly  iar^e 
quantities  of  water  are  often  found  stored  ;  more  particularly  in 
the  northern  part  of  the  colony,  owing  to  the  comparatively  heavy 
rainfall  in  that  region. 

(3)  By  pumping  up  the  "ground-water,"  drawn  from  shafts, 
bores,  etc.,  which  is  usually  found  at  the  ordinary  drainage  level  of 
the  country,  viz.  at  the  horizon  where  surface-oxidation  ceases, 
and  the  relatively  less  permeable  underlying  rocks  offer  a  certain 
barrier  to  the  further  descent  of  the  water  which  has  penetrated 
the  overlying  ground.  Below  this  line,  the  water  often  decreases, 
and  the  mine  workings  are  in  consequence  frequently  almost  dry. 

Conservation  in  Dams. 

A  rainfall  of  4  to  8  inches  per  annum,  such  as  obtains  around 
Coolgardie  and  Kalgoorlie,  will  yield  a  very  large  water-supply, 
provided  any  considerable  portion  of  it  can  be  retained,  always 
assuming,  as  records  show,  that  over  50  per  cent,  falls  in  heavy 
showers  (which  js  necessary  to  make  a  flow  of  water  on  the  surface, 
except  on  rock-areas),  a  fall  of  i  inch  of  rain  •  representing  no  less 
than  3630  cubic  feet  =  22,607  gallons  per  acre,  or  nearly  14J 
million  gallons  per  square  mile. 

*  Three-fiFths  of  the  rainfall  U  usually  reckoned  available  for  stora^. 
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The  nature  of  the  surface  in  the  catchment  area  of  the  dam  is, 
however,  a  matter  of  great  importance,  and  where,  as  in  many  parts 
of  the  colony,  large  bare  bosses  of  granite  are  met  with,  running 
from  10  up  to  200  acres  in  extent,  they  offer  a  splendid  catchment 
for  even  the  slightest  showers.  The  rain  thus  collected  (as  may  be 
seen  at  the  Government  dams  on  the  road  from  Southern  Cross  to 
Coolgardie)  is  caught  by  cutting  a  drain  around  the  toe  of  the  rock, 
and  leading  the  water  thence  to  a  tank  excavated  on  the  lower  side. 

Some  of  the  valleys,  which  would  otherwise  form  good  catch- 
ment areas,  are  rendered  useless,  owing  to  the  pervious  character 
of  the  surface  soil,  as  all  but  very  heavy  rain  is  at  once  absorbed  in 
the  ground,  and  does  not  find  its  way  to  the  tank. 

There  are,  however,  certain  valleys  (generally  flanked  by  low 
ridges,  strewn  with  black-ironstone  pebbles),  the  surface  of  which 
is  covered  with  a  thin  coating  of  clay  which  is  impervious  to  even 
a  heavy  downpour  of  rain,  preventing  the  absorption  of  the  water 
by  the  dry  earth  beneath. 

These  clay-pans,  formed  in  natural  depressions  in  various 
localities,  have  yielded  a  large  portion  of  the  water-supply  that 
outside  prospectors  have  had  to  depend  upon,  and  answer  the 
purpose  excellently,  so  long  as  the  surface  of  the  ground  in  the 
catchment  area  remains  undisturbed.  As  showing  the  importance 
of  this  latter  condition,  Mr.  J.  Wilson  Archibald  states  *  that  about 
a  mile  south-east  of  Coolgardie,  there  tu-e  two  Government  tanks 
of  about  half-a-miliion  gallons  capacity  each,  and  every  shower  of 
rain  adds  to  their  supply  ;  whilst  in  two  other  tanks  in  the  neigh- 
bourhood, where  the  surface  of  the  basin  has  been  disturbed  by 
"  dry-blowers,"  only  heavy  rains  will  cause  any  water  to  flow  into 
the  dams  at  all. 

The  configuration  of  the  country  in  the  interior  being  generally 
flat,  there  are  but  few  sites  available  where  water  can  be  impounded 
in  any  large  quantity  by  means  of  "  weirs,"  and  therefore,  as  a  rule, 
tanks  for  storage  have  to  be  excavated. 

Mr.  Archibald  remarks  that  the  sites  for  these  excavations 
have  to  be  carefully  selected,  and  proved  by  test-holes,  as  in  some 
cases,  the  "greenstone"  bottom  contains  small  pipes  or  bores 
J  inch  to  I  inch  in  diameter,  found  to  be  filled  with  soluble  salts, 
and  in  cases  where  their  existence  has  been  overlooked,  on  the  in- 
flow of  water  into  the  dam  an  active  ebullition  has  taken  place,  the 

•  Fiitanaal  Tima,  May  i,  1896. 
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soluble  minerals  being  dissolved  out  of  the  bore-holes,  which  then 
present  the  appearance  of  small  round  holes,  with  a  clean  hard 
casing,  and  convey  the  water  away  to  where  it  is  lost  in  the  rocks. 
In  a  dam  near  Coolgardie,  of  500,000  gallons  capacity,  filled  by  a 
storm  in  the  early  part  of  1895,  Mr.  Archibald  states  that  within 
16  hours  all  the  water  had  run  out,  and  the  bottom  of  the  tank 
showed  83  such  holes. 

This  difficulty  has  been  overcome  by  puddling  the  bottom  and 
sides  of  the  tanks  ;  in  many  cases,  however,  the  alluvium  in  the 
valley  is  deep  enough  to  afford  tight  ground. 

Most  of  the  dams  of  the  Public  Water  Supply  Department  are 
stated  to  have  had  originally  a  capacity  of  about  500,000  gallons,* 
and  Mr.  Archibald  says  that,  "  Taking  for  example  the  dam  known 
as  the  42'mile  dam,  on  the  northern  road  from  Coolgardie,  a  storm 
rainfall  of  between  3  and  4  inches  in  one  day  was  registered  there, 
in  the  Government  gauge,  shortly  after  the  construction  of  the  dam. 
This  dam  has  a  good  ironstone-pebble  and  clay  soil  catchment  area, 
of  about  9  square  miles,  and,  judging  by  the  erosion  of  the  water- 
course of  the  overflow,  there  can  be  no  doubt  that  a  dam  of  even 
greater  capacity  than  ten  times  this  size  would  have  been  filled." 

The  chief  objections  to  this  method  of  conservation  are  the 
delay  in  making  a  tank,  and  the  uncertainty  in  regard  to  the  time 
which  may  elapse  before  a  storm  will  fill  it ;  and  this  means  of 
storage  met  at  first  with  some  discouragement,  owing  to  the  failure 
of  many  tanks  to  hold  water,  before  the  nature  of  the  ground  was 
understood,  and  the  proper  remedies  were  applied.  The  Govern- 
ment has  wisely,  however,  voted  and  laid  out  very  large  sums  of 
money  for  works  of  this  kind. 

Natural  Reservoirs, 

The  chain  of  salt  lakes,  which  run  in  a  north  by  east  direction 
from  the  head  of  the  waters  that  flow  into  the  Great  Australian 
Bight  on  the  south,  through  Lakes  Cowan,  Lefroy,  I.O.U.,  Carey, 
and  Darlot  northward,  are  flanked  as  a  general  rule  by  diorite 
ridges,  intersected  by  well-defined  east  and  west  valleys,  which, 
through  long  periods  of  time,  have  emptied  their  storm-waters  into 

*  Eighieen  tanks  on  the  Eastern  gold-fields  possessed  capacities  Tailing  from 
1,008,500  gallons  up  to  38,750,000  gallons  at  the  end  of  1S99;  and  at  the  end  of  1S99 
serenteen  completed  tanks  possesEed  ■  gioss  storage  capacitj  of  87,872,200  galloni,  with 
a  iraterAed  area  of  41,917  acre*  and  an  approximate  capital  value  of  218,893/. 


„  Google 


120  Gold  Mining  and  Milling 

these  depressions.  They  probably  owe  their  origin  to  a  general 
subsidence  of  the  country,  somewhat  parallel  with  the  ranges, 
which  were  elevated  during  a  period  of  volcanic  activity  that  doubt- 
less occasioned  an  extensive  series  of  "  faults  "  along  this  line  of 
country  ;  and  the  deep  beds  of  alluvium  (the  product  of  the  dis- 
integration of  the  underlying  rocks)  collected  in  the  lake-bottoms 
(known  as  "  soaks  ")  which  have  levelled  up  large  areas,  are  now 
the  storing-ptaces  of  large  accumulations  of  water,  which  they 
protect  from  too  rapid  evaporation.  In  other  places  the  rock- 
bottom  lies  evenly  within  a  few  inches  of  the  surface  of  the  lake, 
and  in  such  cases  the  loss  from  evaporation  is  very  great. 

Mr.  Archibald  observes  : — "  Occasionally,  during  the  winter 
months  or  in  time  of  heavy  storms,  the  surface  of  these  lakes  arc 
covered  with  sheets  of  water.  The  surface  waters  draining  into 
these  lakes,  for  long  periods  of  time,  have  in  their  course  picked  up 
quantities  of  soluble  minerals,  derived  from  the  decomposition  of 
the  volcanic  rocks.  The  evaporation  which  is  excessive  on  such 
iar^e  shallow  areas,  has  caused  the  precipitation  and  consequent 
concentration  of  the  salts  in  these  lakes  to  such  an  extent  that  the 
water  met  with  in  their  alluvium  is  almost  saturated,  carrying  as  a 
rule  20  to  28  per  cent,  of  solid  matter.  The  minerals  taken  into 
solution  are  mostly  soluble  salts  of  sodium,  lime  and  magnesia. 
Of  these,  the  sulphate  of  lime  being  less  soluble,  was  first  pre- 
cipitated out  of  the  saturated  fluid  on  the  surface  of  the  lake,  the 
more  soluble  sodium  chlorides  being  carried  deeper  into  the  silt- 
beds.  The  crystals,  mostly  of  gypsum,  being  exposed  on  the 
surface  of  the  lake,  have,  by  the  action  of  the  wind,  been  accumu- 
lated in  the  sand-ridges  occurring  in  the  low  passes  between  the 
lakes.  In  localities  where  the  rock  bottom  of  the  lake  is  com- 
paratively deep,  very  large  quantities  of  salt  water  are  stored  in 
the  silt-deposits,  and  they  are  in  places  being  utilised  for  milling 
purposes  by  opening  long  trenches  through  the  lakes."  The  water 
soaks  into  these  trenches,  and  is  thence  conducted  to  a  central 
pumping  station,  and  although  supplies  of  this  nature  are  dependent 
on  the  character  of  the  salt  lakes  from  which  they  are  drawn,  under 
the  most  favourable  conditions  large  quantities  of  brackish  water 
may  be  obtained  from  such  sources. 

The  neighbourhood  of  these  lakes  appears  also  to  offer  good 
natural  sites  for  catchment  areas  of  great  extent,  which  hereafter 
may  be  utilised  for  the  construction  of  lai^e  impounding-dams  for 
public  water-supply  purposes. 
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Ground-water,  Wells,  Bores,  etc. 

At  different  depths,  down  to  200  or  300  feet,  supplies  of  water 
are  met  with,  varying  in  quantity  and  quality  with  the  surrounding 
local  conditions.  Such  water  is  due  to  absorption  into  the  rocks  of 
the  rainfall  during  long  periods  in  places  where  the  surface  consists 
of  loose  soil,  as  in  the  "  sand-plains,"  or  where  the  out-cropping 
rocks  are  of  a  more  or  less  porous  nature,  and  a  slow  accumulation 
takes  place  through  the  fissures  and  joints.  Consequently,  by  a 
careful  examination  of  the  surface  features  and  character  of  the 
rocks,  the  points  where  such  wells  can  be  advantageously  located 
may  be  decided  with  reasonable  certainty. 

In  the  granite  rocks  and  gneiss-granites  near  Coolgardie, 
Mr,  Archibald  states  there  are  many  such  wells  with  a  daily  output 
ranging  from  1000  to  6000  gallons  per  day,  principally  situated  near 
the  contact  of  the  granite  and  greenstones.  The  water  is  found  in 
shafts  at  a  depth  ranging  from  170  to  180  feet,  being  in  some  cases 
fresh,  in  others  carrying  as  much  as  2  per  cent  of  solid  matter. 

As  a  rule  these  rocks  have  yielded  by  their  disint^ration  the 
loose  sandy  soil  forming  the  "  sand-plains,"  and  the  water  has 
percolated  through  the  soil  into  the  more  pervious  part  of  the  rock, 
until  water-tight  ground  is  met  with  below,  when,  by  putting  in 
drives  across  the  general  run  of  the  fissures  that  carry  the  water,  it 
can  be  conveyed  to  a  main  water-shaft. 

Mr.  Archibald  ascribes  the  comparative  freshness  of  the  water 
in  some  cases  to  the  fact  that  the  felspars  of  the  granite  rocks  are 
more  insoluble  than  those  of  the  greenstones. 

In  the  diorite  and  schists  variable  supplies  are  met  with  from  the 
same  source,  but  the  water  generally  carries  a  higher  percentage  of 
soluble  salts. 

In  places  where  soft  dykes,  reefs,  etc.  intersect  these  rocks,  or 
where  the  soft  decomposed  diorite-schists  extend  downwards  to  a 
considerable  depth,  supplies  of  water  are,  however,  often  struck, 
which,  when  considered  in  regard  to  the  small  amount  of  work  done 
in  developing  them,  are  of  considerable  extent.  Thus,  in  the 
vicinity  of  Coolgardie  such  mines  as  Cosgroves  and  fiayley's  Consols 
were  stated  to  produce,  from  limited  developments,  from  10,000  to 
20,000  gallons,  and  the  Hit  or  Miss  mine  near  Kanowna  is  said  to 
have  yielded  18,000  gallons  daily  from  above  the  120-feet  level. 

Many  shafts,  however,  are  dry,  which  are  much  below  levels 
where  water  is  usually  obtained. 
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When,  as  frequently  is  the  case,  a  stratum  of  harder  and  impervious 
rock  is  met  with,  underlying  the  softer  rocks  where  water  is  found, 
by  sinking  a  well  into  the  impervious  rock  and  running  out  drives 
across  the  strike  of  the  country  at  this  level,  just  as  in  the  case  of  a 
shaft,  a  water-supply  of  this  kind  stands  the  best  chance  of  being 
developed  to  its  fullest  capacity,  and  in  some  such  wells  at  any  rate 
the  production  appears  fairly  constant.  Thus  the  Government  well 
at  Coolgardie,  Mr.  Archibald  mentions,  yielded  for  a  couple  of 
years  6000  gallons  per  day,  and  the  flow  of  water  did  not  seem  to 
increase  at  the  time  of  rainfalls ;  indicating  that  the  percolation 
into  the  shaft,  although  slow,  extends  for  some  distance. 

The  sinking  of  other  wells  in  the  gneiss-granite  within  a  chain 
or  two  of  one  another,  moreover,  does  not  appear  to  have  affected 
the  supply,  and  the  same  may  also  be  said  of  the  water-shafts  at 
some  of  the  mines.  In  certain  cases,  however,  where  the  rock  is  of 
a  more  permeable  nature,  a  diminution  of  water  takes  place  when 
the  reservoir  is  heavily  drained,  the  water  gravitating  towards  the 
deepest  shaft,  when  the  only  remedy  ts  to  enlarge  the  area  of 
drainage  by  sinking  new  shafts. 

Bores. 

On  the  Hampton  Plains,  in  Block  49,  a  diamond-drill  bore, 
located  in  one  of  the  long  valleys  before  referred  to  (running  east 
and  west),  which  was  put  down  to  280  feet,  passed  through  deep 
beds  of  alluvium,  sand,  cement  and  decomposed  rock,  to  a  depth 
of  150  feet,  and  at  170  feet  met  with  hard  rock,  where  a  supply  of 
water  was  struck,  stated  to  amount  to  over  41,000  gallons  per  diem. 
Mr.  Archibald  adds: — "It  is  worthy  of  remark  that  the  decom- 
posed rocks  have  several  cracks  and  fissures  through  them,  which 
do  not  extend  into  the  hard  rocks  below.  Apparently  the  hard 
rocks  below  this  (170  feet)  level  do  not  add  to  the  supply,  and  it 
does  not  appear  likely  that  further  boring  would  do  so."  Other 
bore-holes  have  been  put  down  with  success  near  Coolgardie  and 
elsewhere. 

General  Character  of  the  Water-supply. 

Considering  what  has  been  said,  it  is  scarcely  surprising  that  the 
water  of  the  country  generally  is  excessively  salt,  almost  in  fact  to 
the  point  of  saturation,  and  had  it  not  been  for  the  energetic  action 
of  the  Government,  supplemented  by  private  enterprise,  in  establish- 
ing "  condensing-plants  "  along  the  main  roads,  to  convert  the  brine 
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of  the  wells  into  potable  water  for  man  and  beast,  travel  from  place 
to  place  in  the  early  days  would  have  been  greatly  restricted,  and 
conditions  of  existence  in  some  of  the  older  mining-camps  would 
have  been  rendered  intolerable,  postponing  their  development  in  all 
probability  indefinitely. 

Comparing  it  with  ordinary  sea-water,  which  contains  some 
34  per  cent,  of  salts  (three-quarters  of  which  is  sodium  chloride) 
Mr.  T.  A.  Rickard,"  to  illustrate  the  excessive  salinity  of  the  water 
in  Western  Australia,!  states  that  at  the  Queensland  Menzies  mine 
he  found  them  using  water  in  September  1897,  which  contained 
17  percent,  of  salts  ;  and  he  was  informed  by  the  manager  that 
evaporation  in  the  hot  weather  in  December  increased  the  amount 
to  30  per  cent  %  For  this  liquid,  which  came  from  a  neighbouring 
"  soak,"  twenty-five  shillings  §  was  paid  per  thousand  gallons,  and 
the  item  of  water  alone  for  milling,  in  a  ten-stamp  mill,  amounted 
to  thirteen  shillings  per  ton,  whilst  the  condensed  water,  bought  for 
use  in  the  boilers,  cost  twenty  shillings  per  lOO  gallons. 

An  analysis  of  the  water  of  the  Great  Boulder  Proprietary 
mine  (also  given  by  Mr.  Rickard)  showed  the  results  appended. 
The  sample  was  turbid,  and  tt  was  found  that  the  matter  in  sus- 
pension amounted  to  5-25  grains  per  gallon,  or  "075  grammes 
per  liter. 

The  clear  water  on  analysis  yielded  : — 

SiUca(SiO,) 0-038 

Alumiiui  tad  fenic  oxide  {Al,Oi  and  Fe,0,)  O'oza 

LimefCaO) 1-878 

MuDcsia  (MgO) 8-106 

SodafNajO) 48'470 

Cubonic  »cid  (COi) 0-064 

Snlphuric  anhydride  (SO,) 6-026 

Chlorine  (CI) 67-230 

13' -836 
Deduct  oxjgen  equivalent  to  chlorine  .       15*150 


Combined  water,  organic  matter  and  lots 
Total  Bolids 


116-686 


■  'The  Alluvial  Deposit!  of  Western  Australia,'  by  T.  A.  Kickaid,  Trans.  Am. 
Inst,  of  Mining  Engl.,  vol.  xxviii. 

t  The  water  of  ibe  Dead  Sea  only  carries  30  to  26  per  cent.,  of  -nbich  10  per  cent,  is 
common  salt. 

X  The  Author  is  informed  that  it  occasionally  runs  up  to  32  per  cent. 

5  The  Author  is  informed  that  lOr.  per  1000  was  paid  for  water  in  Kalgoorlie  in 
November  1897,  and  Mr.  Hoover  stales  Ihat  as  much  as  301.  (t7'5o)  per  thousand  has 
been  given  for  salt  water  in  Western  Australia,  Eng.  and  Min.  ymrnal,  Dec.  17,  1898. 
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The  chief  salts  probably  present,  Mr.  Rickard  considers,  were 
therefore : — 


Caldum  caibonate  (CiCO,) 

.        0-I45 

Calcium  sulphate  (CaSO.) 

■        ■        ■       4-365 

.        .                S189 

Magneanm  chloride  (MgCl,) 

15-144 

Sodium  chloride  (NaCl)     . 

.       9' '467 

Expressed  in  grains  per  gallon,  Mr.  Rickard  adds,  "  the  results 
appear  more  striking,  the  proportion  of  common  salt  amounting 
to  no  less  than  6402  7  grains  per  gallon,"  ordinary  drinking  water 
containing  about  3  grains, 

Mr,  Bulman  •  gives  another  analysis  of  Kalgoorlie  water  made 
by  Mr.  Bowen  Jenkins ; — 

Chloride  of  mignetium  tod  sodium        .                  .  6*95 

Carbonale  of  lime    .             .....  o'S6 

Alumina  and  oxide  of  iron   .....  0-49 

Sulphur o-ii 

Total  solid  mattei         ....  8'43 

Investigations  in  regard  to  the  general  character  of  the  natural 
waters  of  the  colony,  instituted  during  1898  as  a  result  of  the  diffi- 
culty experienced  at  the  public  batteries  in  using  these  waters  for 
crushing,  are  detailed  in  the  Annual  Progress  Report  of  the  Geo- 
logical Survey  of  Western  Australia  for  the  year  1899;  and 
Mr.  Edward  S,  Simpson,  B.E.,  F.C.S.,  gives  complete  analyses  of 
sixteen  samples  of  water  analysed  in  the  Government  Laboratory. 

These  were  collected  from  Nullagine,  Marble  Bar,  Cue,  Menzies, 
Mulgarrie,  Vosperton,  Lindsay's,  Coolgardie,  Kalgoorlie,  Southern 
Cross  and  Norseman,  which  may  be  looked  upon  as  typical  of  a 
very  large  area  of  the  colony  occupied  by  metamorphic  rocks  or 
the  closely  adjacent  masses  of  granite. 

Of  the  many  marked  points  of  similarity  presented  by  these 
waters,  the  more  noticeable  are  : — 

1.  They  all  have  an  alkaline  reaction  from  the  presence  of  bi- 
carbonate of  lime. 

2.  With  three  exceptions  (all  of  which  are  comparatively  very 
low  in  solid  contents),  from  60  to  80  per  cent  of  the  total  solid 
matter  is  sodium  chloride. 

•  'The  Kalgoorlie  Gold  Minei,  Western  Anilialia,'  bjr  H.  F  Bulman,  Trvtt. 
Iml.  ef  Mining  Bngmari,  vol,  xvii. 
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3.  All  contain  a  remarkably  high  percentage  of  magnesium, 
principally  as  chloride  and  sulphate, 

4.  As  a  consequence  of  the  alkali  dissolved  in  the  water,  the 
percentage  of  alumina  is  consistently  low. 

It  is  worthy  of  note  that  the  specific  gravity  is  almost  a  definite 
function  of  the  total  percentage  of  solids,  the  ratio  being 

3  ' 

where  S  =  percentf^e  of  solids  and  G4  the  specific  gravity  of  the 
water  at  4°  C,  To  render  the  analyses  comparable  with  those 
given  in  Thorpe's  '  Dictionary  of  Applied  Chemistry,'  these  waters 
are  classified  into : — 

1.  Munated  saline.  Samples  from  Cue,  Coolgardie,  Lindsay's, 
Vosperton,  Mulgarrie,  Hannan's  Lake,  Boulder,  Norseman  (Lake 
Cowan)  and  Woolgar  (Menzies). 

2.  Alkaline  saline.     Sample  from  Southern  Cross. 

3.  Alkaline  earthy.     Sample  from  Marble  Bar. 

4.  Earthy  saline.  Sample  from  Mount  Robinson  (near  Han- 
nan's Lake). 

5.  Sulphated.     Sample  from  Nullagine. 

Some  of  these  waters  contain  from  traces  up  to  a  fraction  of 
I  per  cent,  of  .<;odium  iodide,  Nal ;  sodium  bromide,  NaBr  ;  potas- 
sium sulphate,  K^SO^ ;  sodium  bicarbonate,  NaHCOj ;  magnesium 
bicarbonate,  MgHi(COa)a  ;  calcium  bicarbonate,  CaHa(COj)a  ; 
ferrous  bicarbonate,  FeH,{COs)i ;  sodium  nitrate,  NaNOj  ;  and 
sodium  silicate,  Na,SiOa ;  in  addition  to  the  more  ordinary  con- 
stituents given  in  the  accompanying  table  of  analyses  of  Western 
Australian  mineral-waters  analysed  by  Dr.  Earp,*  which,  with  one 
exception  (Coolgardie),  are  of  waters  from  the  Kalgoorlie  district. 

Dr.  Earp's  analyses,  as  published  in  the  Transactions  in  which 
they  appeared,  were  in  terms  of  grains  per  gallon,  but  in  the  table 
below  (reproduced  from  the  Annual  Report  of  the  Geological 
Survey  already  quoted)  they  hi^ve  been  recalculated  to  percentages. 
In  making  these  calculations  it  has  been  assumed  that  the  specific 

gravityofthewaterat4degreesisequa!to  I +-5-^-  X  (total  solids 

in  grains  per  gallon),  an  assumption  based  upon  figures  obtained 
with  similar  waters. 
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Aerial  Condensers. 


To  render  water  of  the  above  description  fit  for  consumption, 
or  use  in  steam  boilers,  it  must  needs  be  distilled,  and  the  ap- 
paratus employed  for  this  purpose,  termed  a  "  condenser,"  Fig.  22, 
in  Western  Australia,  is  a  prominent  feature  of  every  dbtrict  where 
a  settlement  exists,  or  mining  is  carried  on. 

It  might  more  properly  be  called  a  "still,"  to  distinguish  it 
from  a  vacuum-condenser,  but  Mr.  Rickard  traces  the  use  of  the 


Fig.  22. — Buying  Watkr  at  a  Condenskr  in  Western  Alstraua. 
(Bjr  courtesy  of  T.  A.  Rickanl.) 

term  "condenser"  to  the  sailors  who  took  part  in  the  early 
exploring  expeditions. 

Any  suitable  type  of  boiler  can  be  used  for  converting  the  salt 
water  into  steam,  which  is  then  condensed  in  vessels  presenting  a 
maximum  of  cooling  surface. 

In  the  older  "condenser  plants,"  the  general  type  of  boiler  used 
consisted  of  ships'  tanks  having  a  capacity  of  400  gallons,  which 
were  usually  set  on  edge  in  pairs,  as  shown  in  Figs.  23  and  24, 
The  average  product  of  each  such  tank  is  reckoned  at  about  300 
gallons  of  distilled  water  daily,  and  the  steam  is  drawn  off  from 
the  tanks  through  short  vertical  iron  pipes,  which  pass  into  the 
condensing  chambers  or  "  coolers." 
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Mr.  Rickard  states  that  a  first  class  "  condenser  plant  "  of  this 
description  would  require  at  least  eight  boilers,  furnishing  with  an 
output  of  300  gallons  of  distilled  water  each  a  daily  yield  of  2400 
gallons ;  but  the  capacity  of  the  plant  at  some  of  the  mines  at  a 
later  date,  according  to  Mr.  H.  F.  Bulman,*  amounted  to  5000 
gallons  or  more  per  diem,  and  the  condenser  plants  at  some  of 
the  big  mines  now  far  exceed  this  quantity. 

The  "  coolers  "  at  first  employed  to  condense  the  steam  were 
plain  circular  towers,  about  30  feet  in  height  and  3  feet  in  dia- 
meter, built   of  sheets   of  corrugated  iron,  riveted  and  soldered 
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Fig.  13.— Plan  op  Obdinaht  Comdehser. 

tc^ether,  and  closed  at  the  top  and  bottom  with  flat  sheets  of 
galvanised  iron.  Several  such  towers  were  connected  by  6-inch 
pipe,  so  that  the  steam  travelled  up  one  and  down  the  next 

"  Annular  coolers  "  were  next  substituted,  consisting  of  an  outer 
cylinder  of  corrugated  iron,  2-5  feet  in  diameter,  surrounding  an 
inner  1  ■  5  foot  cylinder,  so  as  to  leave  a  circular  space  6  inches 
wide  between  them,  containing  the  steam  ;  and  the  inner  tube 

•  "The  Kalgoorlie  Gold  Mines,  Western  Australia,"  by  Harrison  F.  Bulnuin,  Tram. 
Init.  if  Mining  Enginetrt,  vol,  irii. 
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being  open  at  both  ends,  by  tilting  the  "cooler"  at  a  slight  angle, 
a  current  of  air  is  made  to  pass  tlirough  the  centre  of  the  sur- 
rounding steam-jacket.  A  plant  of  this  kind,  which  cost  about 
100/.,  is  shown  in  Mr.  Rickard's  paper;  it  was  erected  some 
years  back  at  the  Lake  View  and  Boulder  Junction  mine,  and 
possessed  a  capacity  of  1500  gallons  of  condensed  water  a  day. 
The  water  which  came  from  this  mine  has  a  specific  gravity  of 
1*03385,  the  total  solids  amounting,  according  to  an  analysis  by 
Mr.  E.  S.  Simpson,*  to  4*9308  per  cent^  and  the  chlorine  present, 
to  2*3933  percent. 


Fig,  14.— Section 


In  plants  which  have  been  more  recently  built,  the  boilers — 
termed  "  evaporators  "  or  "  stills  " — are  now  frequently  constructed 
either  of  the  cylindrical  under-fired  class,  Fig.  25,  about  18  feet 
long  and  4  feet  in  diameter,  like  those  at  the  Great  Boulder ;  or 
of  V-shape  in  cross-section.  They  are  provided  with  necessary 
fittings,  and  built  in  like  a  steam  boiler ;  whilst  the  fronts  are  made 
removable,  so  as  to  clean  them  out  quickly  and  easily,  which  is  a 
matter  of  great  importance.    Two  "  evaporators  "  of  this  type,  I 
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am  informed,  supply  enough  steam  to  produce  1200  to  2000  gallons 
of  fresh  water  daily. 

The  coolers  have  also  been  greatly  improved  upon,  consisting 
in  some  cases  of  a  battery  of  long  galvanised  pipes  of  compara- 
tively small  diameter  (4  inches  to  6  inches)  cooled  by  the  surround- 
ing air,*  connected  with  steam  chests  at  each  end  ;  but  more 
commonly  they  are  formed  of  galvanised  iron  drums  (like  water- 
tanks)  closed  at  top  and  bottom,  except  where  the  pipe  for  the  entry 
and  exit  of  the  steam  joins  them  tc^ether ;  these  contain  sets  of 


Fig.  25.— Condenser  at  the  Iron  Kino  Mine,  Kalgoolie. 
(By  courtesy  of  T,  A.  Rickaid.) 

about  five  4-inch  pipes  open  at  the  ends,  running  through  them 
longitudinally,  which  allows  air  to  pass  through  the  tubes,  when 
the  drum  is  slightly  tilted  out  of  the  horizontal.  This  type  is  also 
frequently  used  in  combination  with  vertical  water-coolers,  similar 
to  the  "  annular  air-coolers  "  previously  described,  but  with  one  end 
of  the  central  space  closed  by  a  plate,  so  that,  when  set  upright, 
the  centre  can  be  filled  with  water.     Pipes  are,  of  course,  provided 

•  Theie  seems  no  reason  why  a  nest  of  pipes  of  Ibis  son  should  not  be  "jacketed  " 
and  water-cooled,  usiug  the  cold  salt  water  coming  from  the  mine,  heatillg  it  on  its 
way  to  the  evaporator,  by  which,  bene6t  ought  to  be  deriYCd  both  ways,  and  the  cost  of 
conJensabon  t>e  cormpondingly  reduced. 
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in  the  bottom  of  the  coolers  for  drawing  off  the  condensed  water 
into  tanks,  where  it  is  stored  and  cooled. 

Tke  Statist*  mentions  that  in  the  year  1895  the  cost  of  the 
necessary  water  to  treat  one  ton  of  ore  at  the  Lake  View  Consols 
came  to  4/. ;  and  the  high  price  of  salt  water  in  the  early  days  of 
the  fields  has  already  been  referred  to. 

In  1898,  Mr.  Rickard  observes  that  salt  water  cost  2s.  to  4f. 
per  1000  gallons ;  but  this  did  not  evidently  include  delivery 
(which  varies  with  the  distance  and  quantity  pumped) ;  and  even 
at  the  time  in  question  these  figures  appear  rather  low,  as  in 
a  paper  written  about  the  same  time  (the  beginning  of  1898) 
Mr.  Wm.  Frecheville  stated  t  it  was  selling  at  5j.,  and  this  was,  I 
believe,  about  the  general  price  at  the  lai^er  number  of  water- 
shafts  in  1897.  The  price,  however,  fell  shortly  afterwards,  when 
water  could  be  purchased  for  3^,  6d.;  whilst  later  still  (in  1900)  it 
could  be  bought  for  2s.  6d,  at  the  shaft's  mouth. 

Without  allowing  anything  for  first  cost  of  laying  down  pipes 
and  pumps,  but  paying  pumping  charges,  salt  water  was,  however, 
costing  some  of  the  largest  of  the  Kalgoorlie  mines  4s.  6d.  per 
1000  gallons  delivered  in  1899,  t  and  it  cannot  certainly  even  now 
be  got  for  less  than  4^.  when,  as  in  some  cases,  the  water  has  to  be 
pumped  by  the  consumer,  with  a  small  engine  and  boiler,  half-a-mile 
or  more;  the  wages  paid  and  wood  actually  consumed  may  easily 
add  as  much  aA  2s.  per  looo  for  delivery  to  the  cost  price  of  the 
water  at  the  shaft.  In  a  case  of  the  kind  which  came  under  the 
writer's  notice,  a  3  feet  by  7  feet  6  inch  vertical  type  boiler  burnt 
about  five-eighths  of  a  cord  of  hard  wood  on  two  shifts,  i.e,  16 
hours,  supplying  steam  to  a  No.  4  Tangye  pump,  having  3-inch 
water  and  4i-inch  steam  cylinders,  with  a  7-inch  stroke,  and  re- 
quired a  man  on  each  shift  to  look  after  the  firing  of  the  boiler. 
The  water  is  measured  by  meter. 

Mr.  Richard  Hamilton  informed  the  Author,  in  January  1900,  that 
about  70,000  gallons  of  salt  water  were  supplied  to  the  Great  Boulder 
from  various  sources  per  day  ;  this  water,  which  was  drawn  princi- 
pally from  various  shafts  on  the  property  and  the  adjoining  leases, 
contained   from  4*84   to   il'02  per  cent,   of  soluble   salts,  and 

*  September  15,  1900,  p.  41S. 

t  '  Notes  on  a  Visit  to  the  Gold  Mines  al  Kalgoorlie,  Weatem  AustraUi,'  by  Wm. 
Frecheville,  M.  Inst.  M.M.,  Trans.  Imt.  e/ Mining  and  Metallurgy,  toI.  vi. 

This  WM  the  contract  price  at  Lake  View  in  1900.     Annual  Stfart,  p.  17. 
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exclusive  of  purchase  of  water,  he  reckoned  it  costs  \d.  per  gallon 
to  condense. 

At  the  Ivanhoe  mine  the  Author  was  informed  by  Mr,  Thos. 
Hewitson,  about  the  same  time,  that  the  water  supply  was  drawn 
from  a  low-lying  alluvial  flat  situated  to  the  west  of  the  gold-belt, 
where  the  company  own  76  acres  of  leased  water-rights,  on  which 
a  shaft  has  been  sunk  to  a  depth  of  135  feet,  and  equipped  for 
baling  and  pumping  water  up  to  the  mine,  a  distance  of  6000  feet ; 
the  vertical  lift  from  the  surface  of  the  water  area,  up  to  that  of  the 
mining  lease,  is  about  90  feet. 

This  water-lease  furnished  a  supply  of  40,000  to  5O,0C»  gallons 
per  day,  containing  about  7  per  cent,  of  solid  salts,  and  it  was 
proposed  to  supplement  it,  I  believe,  by  bringing  in  water  from 
the  Hampton  Plains  Estate. 

Mr,  Hewitson  reckoned  the  actual  cost  of  condensing  in  ordi- 
nary galvanised  "  coolers  "  at  2/.  5^.  per  1000  gallons,  but  the  price 
varies,  no  doubt,  somewhat  with  the  quality  of  the  water  and  the 
season,  as  it  would  appear  from  figures  given  by  Mr.T.  A,  Rickard 
that  in  1898  the  cost  of  labour  and  fuel  for  condensing  might  be 
reckoned  at  about  $s.  per  100  gallons  during  the  cool  season,  and 
6s.  6d.  during  the  summer. 

The  cost  of  condensing  water,  it  would  thus  appear,  has  been 
reduced,  as  it  used  to  be  reckoned  to  cost  from  id.  to.  3^.  per  gallon. 
In  November  1897,  condensed  water  purchased  sold  for  lOOr.  to 
150J.  per  1000  gallons,  or,  on  the  average,  about  12s.  per  iro;* 
wliilst  in  1899  the  price  in  the  hot  season  had  fallen  to  about  ^s. 
per  100,  and  it  only  stood  at  gs.  in  the  cold  season,  or  an  average 
of  8j.t 

As  a  basis  for  calculation,  Mr.  T.  A.  Rickard  figures  that  on  a 
production  of  2400  gallons  of  freshwater  per  day,t  the  expenditure 
would  include  the  labour  of  two  men  (one  on  each  shift),  2^  cords 
of  wood  (one  cord  of  wood  per  1000  gallons  of  condensed  water), 
and  3200  gallons  of  salt  water. 

Water  for  drinking  and  household  purposes  is  partly  obtained 

*  In  some  cases,  however,  it  cost  OTer  14J. 

t  Mr.  H.  F.  Bulman  qnoles  the  price  at  71.  6rf.  to  8j.  6d.  per  100  gsllons.  Quite 
recenUy  Mr.  F.  A,  Goven  stated  (at  the  Fifth  Ordinary  General  Meeting  of  the  Ivuiboe 
Company,  Maj  2,  1902),  that  condensed  irater  cost  about  Jt.  per  too  galloni,  and  the 
Iranhoe  leqnired  nearly  zo,ooo  gallons  per  diem. 

i  The  Lake  View  mine  is  stated  to  be  equipped  with  a  condensing  plant  capable  of 
lupplying  10,000  gaUoos  of  fresh  water  daily. 
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from  tanks,  which  catch  the  rainfall  from  the  roofs,  but  it  is  apt  to 
become  contaminated  with  salts  of  zinc,  and  impurities  due  to  dust, 
dead  frc^s,  etc 

The  density  of  the  salt  water  is  no  doubt  an  obstacle  to  amal- 
gamation, in  consequence  of  the  fact  that  the  ore  being  particularly 
liable  to  "slime,"  the  fine  particles  can  less  easily  settle  on  the 
"copper-plates,"  and  run  the  risk  of  being  carried  away  in  the 
tailings.  To  prevent  the  decomposition  of  the  stock-solution  in 
the  cyanide  works,  the  magnesia  is  precipitated  with  lime.  The 
chloride  of  magnesium  present  in  the  mill-water,  according  to 
Mr,  H.  P.  Woodward,  tends,  however,  to  sicken  the  mercury  in  the 
mills. 

Estimates  of  the  loss  of  water  from  various  causes  are  exceed- 
ingly variable ;  thus,  whilst  it  is  claimed  that  milling  and  cyanid- 
ing  can  be  done  with  a  loss  of  0*25  ton  of  water  to  the  ton  of  ore 
(using  the  water,  of  course,  over  and  over  again),  Mr.  Geo.  Bancroft 
estimates  that  in  most  of  the  mills  0'5  ton  of  water  is  lost  per 
ton  of  ore,  whilst  Mr.  H.  C.  Hoover*  put  the  avenge  mill,  steam, 
and  domestic  loss  considerably  higher,  viz.  at  about  400  gallons  t 
per  ton  of  ore  milled. 

When  the  tailings  and  slimes  are  treated,  however,  he  states 
that  some  portion  of  this  can  be  saved,  reducing  the  loss  to  about 
250  gallons  per  ton  of  ore.  At  the  North  Boulder  Mine,  in  October 
1898,  the  loss  amounted  to  367  gallons  per  ton,  and  in  December 
to  496  gallons. 

The  actual  ordinary  loss  is  probably,  therefore,  as  Mr.  Wm. 
Frecheville  says,  between  200  J  and  400  gallons  per  ton,  although 
in  the  warm  weather  I  am  informed  by  Mr.  Ed.  Skews  that  (owing 
to  evaporation  in  shallow  dams)  the  loss  sometimes  rises  from  311 
to  nearly  looo  gallons  per  ton.  Cyaniding  alone,  according  to 
Mr.  Bancroft,  entails  a  loss  of  15  per  cent.  Mr.  H.  C.  Callahan 
considered,  I  am  told,  that  there  was  an  averse  difference  in  con- 
sumption in  summer  and  winter  of  some  300  gallons  per  ton.  It 
would,  however,  be  interesting,  and  of  value,  to  have  more  complete 
data  on  these  points,  showing  under  what  heads  losses  occur,  and 
what  they  amount  to  under  different  conditions. 

*  '  Mining  and  Milling  Gold  Ores  in  Western  AuMrolia,'  ThtEitg.  and  Min.  journal, 
DecembeT  17,  1898.  t  A  gallon  ol  distilled  walec  weighs  10  lb. 

t  In  an  aitick  on  '  Westralian  Mines '  in  the  Financial  Tima  of  Novembci  5,  1902, 
il  is  remarked  :  "  Moil  of  the  mines  uxe  onl;  abouL  20a  gallons  pec  too  of  ore  Irealed,  as 
against  the  common  use  of  from  1 500  to  zooo  gallons  in  localities  wheie  water  is  abuadant." 
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Patent  Vacuum  Condensers  for  Economising  Steam. 

At  Hannan's  Star  mine,  Ledward  condensers  are  used,  wliich 
have  a  large  cooling  surface  ;  and  they  are  submerged  in  an  exca- 
vated bricked  or  cemented  tank  40  feet  by  15  feet  by  8  feet  deep. 

A  double  7-inch  single-acting  ram  pump  conveys  cool  water 
through  a  line  of  6-inch  piping  450  feet  long  from  the  dam  to  the 
bottom  of  the  condenser-tank,  and  a  wooden  launder  carries  the 
top  heated  water  from  the  tank  back  to  the  dam.  In  this  connec- 
tion it  is  most  important  that  a  rapid  circulation  should  be  kept 
up,  otherwise  the  cooling  water  gets  heated,  and  incrustations  are 
liable  to  form  ;  these  impair  the  efficiency  of  a  condenser,  even 
when  thus  cooled,  if  salt  water  is  used. 

In  connection  with  this  system  of  condensers,  a  double  15-inch 
single-acting  air-pump  is  employed,  to  create  a  vacuum  on  the 
main  mill-engine. 

At  the  Lake  View  Consols,  a  Forwood-Down  condensing-plant 
was  erected  at  the  main  shaft  in  19OI,*  with  driving  engine,  vacuum 
and  circulating  pumps  and  accessories  and  cooling  towers. 

At  the  Norseman  Gold  Mines,  a  Fouch6's  aero-condenser  is 
connected  with  a  40  horse-power  expansion  engine  and  several 
engines  of  minor  importance  ;  and  the  consumption  of  condensed 
water,  based  on  one  year's  average,  is  stated  t  to  have  amounted 
to  50  gallons  per  diem,  showing,  it  is  said,  a  great  economy  over  the 
"  surface-condensers,"  which  are  ordinarily  used  in  connection  with 
steam  plants  on  the  gold  fields. 

In  proof  of  this,  Dr.  Simon  states  that  at  one  well-known  mine 
at  Kalgoorlie,  where  a  "  surface-condenser  "  of  the  ordinary  type 
is  used,  in  connection  with  a  150  horse-power  engine,  the  quantity 
of  water  lost  for  cooling  purposes  amounts  to  18,000  gallons  daily. 

In  the  Fouch^  form  of  "  condenser,"  the  steam  passes  through 
pipes  which  are  cooled  by  a  strong  current  of  air  produced  by  a 
"  fan,"  condensation  being  aided  by  an  air-pump  ;  and  an  oil 
separator  is  connected  with  the  steam  supply-pipe. 

Further  particulars  of  this  system  can  be  found  in  the  paper 

*  The  mill-engines  ore  fiUed  wiih  a  umilar  plant ;  Ihis  give*  a  vacuum  of  4  lb.,  and 
ii  slated  to  elTect  a  saving  of  13  per  cent.,  the  eugine  having  formerly  worked  uuder 
a  back  pressure  of  10  to  25  lb.     Siport,  Bewick  Moreing  &  Co.,  Kalgoorlie,  April  3, 

t  'NolesonFourWsAero-Coodenser.'by  Dr.  A.  L.  Simon,  TrsTu.  Inil.  of  Mining 
and  MttallHrgy,  vol.  vii. 
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by  Dr.  Simon  referred  to,  and  an  interesting  series  of  tests,  made 
at  Kalgoorlie,  are  recorded  in  the  Report  of  the  Chamber  of  Mines 
of  Western  Australia,  Sept.  1902. 

Mining  companies  generally  allow  their  workmen,  if  single, 
2  to  3  gallons  of  condensed  water  a  day  gratis,  and  married  men 
4  gallons,  which  is  regularly  served  out  to  them ;  the  tanks  in 
which  the  condensed  water  is  stored  are  arranged  so  that  the  taps 
are  padlocked,  to  prevent  theft. 

It  will  be  clear  from  what  has  been  already  said,  that  dry  as 
the  country  appears  to  be  on  the  surface,  there  is  an  abundance  01 
water  for  carrying  on  ordinary  small  mining  undertakings,  but,  on 
the  other  hand,  it  is  evident  that  a  iai^e  and  important  "  camp," 
like  Kalgoorlie,  could  not  be  expected  to  expand  on  a  scale  com- 
mensurate with  its  possibilities,  and  the  value  at  which  mining 
properties  in  the  district  have  been  capitalised,  as  long  as  it  has 
to  depend  on  the  sources  of  supply  of  which  mention  has  been 
made  ;  for  the  simple  reason  that  large  quantities  of  low-grade  ore 
that  exist,  can  never  be  worked  at  a  proht  under  such  conditions. 

As  it  is  a  well  recc^nised  fact  that  the  success  of  a  mining  field 
largely  depends  on  the  ability  to  work  its  low-grade  ores  cheaply, 
as  it  is  always  far  more  profitable  to  do  so  than  to  treat  high- 
grade  ores  in  small  quantity;  ihe  question  of  how  to  solve  the 
water  difficulty  (which  is  perhaps  quite  as  important,  if  not  more 
so,  than  the  "  sulphide  problem  ")  has  long  exercised  the  minds  ot 
everyone  interested  in  the  West  Australian  mining  industry. 

Optimists,  whose  wishes  have  been  the  parents  of  their 
thoughts,  at  one  time  hoped  that  by  putting  down  deep  bore-holes 
in  the  gold-fields,  an  artesian  supply  might  be  struck  in  large 
volume,  the  same  as  in  parts  of  Queensland  and  elsewhere  in 
Australia  ;  but  the  geological  conditions  do  not  seem  to  favour  the 
probability  of  this  expectation  being  realised  so  far  as  regards  the 
"  Centra!  Plateau  "  of  West  Australia  ;  •  although  it  may  be,  that 
sufficiently  large  quantities  of  water  will  be  obtained,  on  the 
Hampton  Plains,  or  elsewhere,  comparatively  close  to  the  gold- 
fields,  which  will  supplement  the  supply  that  the  completion  of  the 
Government  sdieme  will  furnish.     The  Hampton  Plains  are  some 

"  The  question  of  obtaining  supplies  of  artesian  water  in  other  pail*  of  Western 
Australia  is  discussed  in  BulUliu  Ne.  4  of  the  Geol.  Survey  oC  Western  Australia,  and  it 
would  appear  that  in  alt  probability  arlesian  water  areas  exist  in  tbe  Recent  and  Tertiary 
strata  of  the  Coastal  Plains,  in  the  southern  portion  of  tbe  colony,  and  in  the  vjcjnily  of 
the  Swan  River. 
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twenty  miles  from  Kalgoorlie,  and  the  Cane  Grass  Valley  Works  • 
were,  I  believe,  expected  to  furnish  a  very  considerable  quantity. 
Cheap  water  is,  in  fact,  one  of  the  things  the  country  most  requires, 
eis  it  would  not  only  enable  mines  that  cannot  be  worked  at  a  profit 
under  present  conditions  to  enter  the  producing  list,  but  would 
give  encouragement  to  agriculture  as  well,  if  a  surplus  supply  was 
available. 

Tke  Coolgardie   Water  Scheme. 

When  the  Government  undertaking  is  in  full  working  order  there 
is  no  doubt  that  it  will  give  a  new  impetus  to  mining  on  the  fields. 

In  California,  millions  of  gallons  of  water  are  "  flumed  "  hundreds 
of  miles  to  various  mining  camps,  entailing  enormous  engineering 
difficulties,  but  this  particular  project  is  unique  in  the  history  of 
mining,  as  it  is  intended  to  provide  for  the  delivery  of  5,000,000 
gallons  of  fresh  water  daily  ;  in  order  to  keep  the  thickness  of  the 
pipe  within  practical  limits,  this  is  to  be  pumped  from  eight  stations 
to  be  established  along  the  line  a  distance  of  325  miles,  through 
30-inch  pipe,  with  an  a^regate  lift  of  1245  feet,  the  lifts  generally 
being  through  short  sections  of  the  line,  with  long  sections  of  falling 
grade  from  station  to  station  between  them. 

The  source  of  supply  is  the  Helena  River,  which  is  in  the  Mount 
Darling  Range  near  the  coast ;  a  concrete  weir,  which  will  dam  the 
river  back  some  74  miles  (forming  a  reservoir  capable  of  contain- 
ing over  4,600,000,000  gallons)  is  under  construction  at  Mundaring, 
about  twenty-three  miles  from  Perth,  at  an  elevation  of  some 
320  feet  above  sea-level.  The  weir  is  being  built  in  a  gorge,  and 
will  be  720  feet  long  on  top,  and  iio  feet  high  near  the  middle,t 
made  of  cement  concrete,  faced  with  ashlar  work  of  very  hard 
micaceous  granite.  The  excavation  for  the  foundations  of  the  dam 
(amounting  to  50,000  or  6o,ooc  cubic  yards)  have  been  some  time 
since  completed.  The  width  of  the  weir  at  the  bottom  of  the  river- 
bed will  be  85  feet,  and  about  fifteen  feet  at  the  crest. 

•  Tbe  Kalgoorlie  correspondent  of  The  Financial  Tiaia,  in  a  letler  dated  Mijr  24, 
1902,  says  :  "  The  '  Gori;e,'  [he  compmji's  chief  reservoir,  is  a  natural  basin  about  two 
milet  from  town  [Coolgardie],  and  bI  the  present  time  coDtains  close  on  20,000,000  gallons 
of  fiesh  water  I  a  very  efficient  pumping  plant  is  in  constant  work,  and,  in  addilioo  to 
the  Coolgardie  consumption,  about  60,000  gallons  of  water  are  pumped  eveiy  day  to  the 
Kalgootlie  mines,  a  distance  of  about  zo  miles." 

t  As  the  foundation  is  in  one  place  for  a  length  of  15  feet  nearly  100  feet  below  tbe 
river  bed,  the  total  height  of  the  weir  fiom  tbe  bottom  of  the  foundation  to  the  top  of 
the  crest  is  about  aoo  feet. 
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The  crest  and  Hp  of  the  weir  are  designed  for  a  "  curve  of  contact " 
to  avert  any  leaping  by  the  overflow  during  exceptional  floods.  The 
waste-weir  is  to  be  formed  on  the  main  wall,  and  will  provide  for  a 
free  overflow  5  feet  deep  and  400  feet  wide.  The  lowest  level  from 
which  water  will  be  pumped  is  20  feet  above  the  river  bed,  and  the 
capacity  of  the  reservoir  (viz.  4600  million  gallons)  is  reckoned 
above  that  level.  The  weir  is  provided  with  the  usual  valve-tower, 
scour-pipes,  outlet-pipes,  gangway,  etc.  Cement,  slacking  and 
ston^e-sheds,  stone-crushing  plant,  concrete-mixing  machinery,  and 
general  repairing  shops,  were  erected  for  its  construction  ;  and  an 
electric  lighting-plant  was  set  up,  to  enable  the  work  to  proceed 
night  and  day. 

Pumping  Itistallations. 

The  first  pumping-station  is  located  close  to  the  main  Green- 
mount  storage  reservoir,  and  the  machinery  at  this  and  the  next 
three  stations  will  consist  of  three  sets  of  boilers,  engines  and 
pumps — two  sets  to  work  and  one  to  spare,  each  set  being  capable 
of  pumping  2,800,000  imperial  gallons  per  diem,  against  a  head, 
including  friction,  of  450  feet  The  second  station  is  situated  on 
the  pipe-line,  at  a  distance  of  about  Ij  miles  from  the  first 
station,  and  will  raise  the  water  to  a  high  point  on  the.  Darling 
Ranges,  from  which  it  will  gravitate  through  pipes  (laid  generally 
along^de  the  railway  line)  for  a  distance  of  about  75  miles  to 
pumping-station  No.  3  (77  miles  from  station  No.  2),  From 
station  No.  3  the  water  will  be  pumped  to  station  No,  4,  61J  miles, 
at  a  distance  of  140  miles  from  the  head  works.  The  other  four 
stations  are  located  close  to  the  railway,  and  at  the  following 
mileages  on  the  pipe-line:  No.  S.  '7'  miles;  No.  6,  217  miles; 
No.  7,  248  miles  ;  No.  8,  293  miles. 

The  pipe-line  at  each  pumping-station  (No.  2  to  No.  8  inclusive) 
is  to  be  broken  by  a  receiving  tank,  20  feet  or  more  in  depth, 
holding  not  less  than  2,400,000  gallons  (possessing  sufficient  capa- 
city to  provide  for  irregularities  in .  the  pumping,  and  for  other 
contingencies),  into  which  the  water  will  flow,  and  from  which  it 
will  be  pumped  to  the  station  beyond.  The  greatest  distance 
between  any  adjoining  stations  is  a  little  under  80  miles. 

Between  the  second  and  third  stations,  an  extra  reservoir  25  feet 
deep,  with  a  capacity  of  6,000,000  gallons,*  is  to  be  located  to  reduce 

*  It  appeus  Ihat  the  opacity  of  this  dim  has  been  incieased  to  11,000,000  gnJloii 
7^  Minine  y<mntal,  Ltnden,  Julj  13,  190a. 
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the  head  at  this  point  by  some  200  feet,  otherwise  the  closing  of  the 
stop-valve  at  the  third  station  would  place  about  thirty-six  miles  of 
main  under  a  head  of  450  to  650  feet ;  and  at  various  high  points 
along  the  line,  "  regulating  reservoirs  "  will  be  constructed,  with  a 
capacity  of  one  million  to  twelve  million  gallons  each  (for  which 
surveys,  trial-bores,  and  shaf^  were  made),  from  which  the  water 
will  flow  by  gravity  to  the  next  station,  so  that  a  great  portion 
of  the  pipe-line  will  ordinarily  be  simply  under  the  pressure  due 
to  the  elevation  to  which  the  water  is  raised  at  these  regulating 
reservoirs,  and  the  hydraulic  gradient. 

The  location  of  the  pump-stations  is  such  that  the  head  against 
which  the  water  will  be  pumped  will  be  practically  the  same  at  each 
of  the  first  four  and  second  four  stations,  the  object  being  to  secure 
uniformity  in  the  pumping  machinery,  of  which  there  will  be  only 
two  sizes  proportioned  to  the  two  different  lifts.  At  stations  j  to  8 
(inclusive)  there  will  be  only  two  sets  of  boilers,  engines  and  pumps, 
one  to  work  and  one  to  spare  at  each  station,  and  the  total  nominal 
lift  provided  for  at  each,  is  225  feet ;  but  with  the  further  provision 
that  while  each  set  of  pumping-engines  will  be  capable  of  raising  the 
full  supply  to  that  height,  it  will  also  be  capable  of  pumping  past 
any  station  or  reservoir  on  to  the  next  station  or  reservoir  a  reduced 
supply,  corresponding  to  the  increased  head. 

The  pipe  main  will  be  adjacent  to  the  railway  throughout,  and 
the  pumping  arrangements  will  be  such  that  a  reduced  quantity  of 
water  can  be  pumped  from  station  No,  5  past  No.  6  to  No,  7  ;  also 
from  No.  6  past  No.  7  to  No,  8  ;  and  from  No.  7  past  No.  8  to  the 
main  service  reservoir. 

With  the  pumping  machinery  arranged  as  above,  and  the 
requisite  storage  capacity  provided  along  the  route  and  near  the 
terminus,  the  contingency  of  cessation  of  pumping  at  any  one  station 
for  a  period  of  seven  days  is  provided  for. 

Triple-expansion  engines,  with  surface-condensers,  are  to  be 
used,  but  it  is  stated  that  economy  of  coal-consumption  will,  to 
some  extent,  be  sacrificed  to  simplicity  of  design. 

The  water,  by  this  means,  will  be  raised  to  the  main  distribut- 
ing-reservoir at  the  top  of  Mount  Bui^ess,  at  an  elevation  of 
1585  feet  above  sea-level,  from  whence  it  will  be  distributed  by 
gravity  to  Kalgoorlie,  Coolgardie,  Menzies,  and  other  camps.  As  the 
lowest  supply  level  from  which  water  jvill  be  pumped  is  340  feet 
above  sea-level,  the  total  net  lift  to  the  Mount  Burgess  reservoir 
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ma/be  reckoned  at  a  maximum  of  1245  feet,  and  adding  to  this  the 
head  due  to  frictlonal  resistance  in  the  pipe  main  (with  a  liberal 
margin  for  incrustation  and  allowance  for  maximum  possible  loss  of 
head  due  to  variations  of  level  at  pumping-stations  and  other  con- 
tingencies) the  total  gross  lift,  including  friction,  is  reckoned  at 
2632  feet 

At  Coolgardie  there  is  to  be  a  "service  reservoir"  having  a 
capacity  of  at  least  24,000,000  gallons,  and  other  "service  reservoirs" 
will  be  built  on  hills  in  the  vicinity  of  Kalgoorlie  and  elsewhere. 
A  steel  main,  about  21  inches  in  diameter,  25  miles  in  length,  will 
connect  Coolgardie  with  Kalgoorlie,  and  the  project  includes  about 
100  miles  of  12-mch  distributing  mains. 

Two  contracts  for  the  supply  of  half  the  total  quantity  of  pipes 
and  joint-rings  required  were  let,  one  to  Mr.  Mephan  Ferguson, 
of  Falkirk,  near  Perth,  W.A.,  the  other  to  Messrs.  G.  &  C.  Hoskins.  of 
Midland  Junction,  near  Guildford,  at  a  combined  cost  of  1,025,124^ 
The  weight  of  steel,  without  jointing-rings,  is  about  74,442  •  long 
tons,  and  the  coating  adds  3867  long  tons.  The  contract  price  for  the 
pipe  coated  is  stated  to  have  been  about  13/.  per  ton,  f.o.b.,  Falkirk 
or  Midland  Junction,  and  the  contractors  were  called  upon  to 
supply  as  many  welded  steel  joint-rings  as  might  be  required,  up  to 
61,856  of  such  rings,  at  the  rate  of  i/.  2s.  6d.  Orders  for  the  valves 
required,  and  all  special  joints,  were  to  be  placed  in  England. 

The  pipe  forming  the  main  conduit  has  an  internal  diameter 
throughout  of  30  inches,  with  a  minimum  thickness  of  i  inch  and 
maximum  of  -^  inch,  and  is  of  Mcphan-Ferguson's  Patent  (rivet- 
less)  or  locking-bar  pattern,  supplied  in  lengths  of  28  feet.  A 
section  of  it  can  be  seen  at  the  ofGce  of  the  Agent  General  for 
Western  Australia. 

The  contract,  it  is  stated,  required  looo  lengths  to  be  -^  inch 
thick  and  30  inches  internal  diameter,  and  60,856  lengths  to  be 
i  inch  thick,  of  similar  size.  The  total  number  of  lengths  required 
was  62,229. 

The  peculiarity  of  this  pipe  is  that  it  is  made  of  steel  plates 
fastened  together  with  two  longitudinal  locking-bars,  made  by 
swelling  the  longitudinal  edges  of  the  plates,  and  bringing  them 
tt^ether  in  grooves,  made  in  the  opposite  sides  of  the  bars.  The 
bars  are  then  closed  on  to  the  swollen  edges  of  the  plates  by 
pressure, 

*  68,452  tons  withoul  strips  or  rings. 
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The  Iron  and  Coal  Trades  Reviem  of  January  13th,  1899,  gives 
sections  of  the  locking-bar  and  joint-rings,  and  details  of  the 
specification,  which  need  not  be  entered  into  here.* 

I  may  mention,  however,  that  the  plates  and  bars  are  required 
to  be  of  open-hearth  acid  steel,  the  plates  to  be  capable  of  with- 
standing a  tensile  strain  of  not  less  than  25  or  more  than  29  tons 
per  square  inch,  with  an  elongation  in  10  inches  of  not  less  than 
20  per  cent ,  and  a  contraction  area  of  not  less  than  45  per  cent. 

The  steel  must  also  resist  the  following  drift  test :  A  hole  %  inch 
in  diameter  to  be  punched  within  1}  inches  of  any  edge  of  a  plate, 
and  to  be  drifted  out  cold,  to  a  diameter  of  i^  inches,  without 
showing  signs  of  fracture.  The  test  pieces  must  bend  cold  around 
a  bar  of  a  diameter  three  times  the  thickness  of  the  plate,  without 
signs  of  fracture.  Not  less  than  two  tensile  tests  to  be  made  from 
each  cast,  and  bending  and  drifting  tests  from  each  plate.  No 
chemical  requirements  were  specified. 

Before  the  longitudinal  joints  are  made,  the  locking-bars  and 
edges  of  the  plates  are  required  to  be  completely  freed  from  black 
oxide,  by  dipping  in  a  bath  of  dilute  sulphuric  acid,  and  then  in  a 
bath  of  lime-water,  followed  if  necessary  by  scrubbing.  This  was 
to  be  done  under  cover,  and  the  plates  and  bars  were  not  to  be 
exposed  to  the  weather  after  dipping,  but  to  be  at  once  formed 
into  pipes.  They  were  then  to  be  submitted  to  hydraulic  pressure 
of  4001b.  per  square  inch,  tapping  them  smartly  with  a  hammer, 
and  after  being  tested  and  approved,  thoroughly  cleaned  in  baths 
of  dilute  sulphuric  acid  and  lime  water ;  finally  they  were  to  be 
heated  uniformly  to  300°  Fahr.,  and  coated  by  dipping  in  Trinidad 
asphaltum  and  creasote. 

The  result  of  the  working  of  the  line  will  be  watched  by 
engineers  with  much  interest,  as,  if  this  form  of  pipe  proves  a  success 
a  great  improvement  will  have  been  effected  ;  the  locking-bar  and 
ring-joint  have,  however,  yet  to  be  tried  ;  whilst  the  riveted  joint  is 
an  old  and  trusty  friend. 

The  selection  of  this  new  form  01  pipe  was  decided  upon,  how- 
ever, on  what  appear  sound  reasons,  viz,  whilst  the  engineer's 
estimate  for  330  miles  of  30-inch  spiral  riveted  steel-pipe  was 
1,068,000/.,  the  contractors'  tenders  for  lock-bar  pipe  came  to  only 
998,000/.,  against  which  the  actual  tenders  for  spiral  riveted  and 

•  Furlher  particulars  are  given  in  an  article  upon  '  The  Coolgardie  Gold  Fields 
Watot  Scheme,'  in  Fitldtn'i  Magadne,  May  1900. 
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welded  pipe  of  26,  27J,  and  29  inch  diameter  (which  it  was  at  first 
intended  to  employ)  came,  it  is  stated,  to  1,220,000/,  Consequently 
the  saving  in  cost  thus  effected  admitted  of  employing  a  larger  size 
pipe,  without  exceeding  the  engineer's  estimate,"  and  all  rivets  being 
done  away  with,  as  also  changes  in  the  diameter  of  the  pipe  every 
28  feet  (which  would  have  been  caused  by  placing  the  sections 
alternately  inside  and  outside  each  other),  the  adoption  of  these  pipes 
ought  to  considerably  decrease  friction,  and  effect  a  saving  in  pump- 
ing charges,  which  it  was  calculated  would  amount  to  10,000/.  per 
annum. 

The  transverse  joint  steel  rings  or  double-socketed  sleeves  are 
to  be  caulked  with  lead,  but  no  caulking  of  the  locking-bar  joint  is 
to  be  permitted. 

It  was  proposed  originally  to  lay  this  pipe  on  timber  bolsters 
or  sleepers  (hollowed  to  a  depth  of  not  less  than  6  inches  to  fit  the 
under  side  of  the  pipe),  placed  on  the  ground  ;  and  although  with  a 
range  of  temperature  of  75°  K  the  amount  of  expansion  to  be 
provided  for  is  about  J  inch  for  every  100  feet  length  of  pipe,  as 
this  would  not  be  likely  to  occur  except  if  the  pipes  are  emptied 
during  extremes  of  heat  and  cold,  it  was  expected  that  expansion 
joints  placed  every  120  feet  would  meet  the  difficulty. 

So  placed,  however,  the  pipes  would  offer  but  little  resistance  to 
motion,  and  "creeping"  might  occur,  unless  prevented ;  whilst  in  all 
curves,  the  joints  would  have  a  tendency  to  move  radially  from  the 
centre  of  the  curve.  With  a  30-inch  pipe,  under  a  head  of  400  feet, 
laid  on  a  curve  having  a  radius  of  660  feet,  the  radial  thrust  on  each 
length  between  the  expansion  joints  has  been  calculated,  I  believe, 
at  about  9  tons,  whilst  in  the  event  of  the  sudden  closing  of  a  valve, 
this  pressure  might  be  much  increased. 

The  tendency  to  creep  and  to  move  at  the  curves  would  therefore 
have  to  be  prevented.  To  obviate  such  movements,  3  feet  from 
the  end  of  every  fourth  28-feet  length  of  pipe,  it  was  proposed  to 
double  rivet  to  the  under  side  of  the  pipe  three  12-inch  pieces  of 
angle  iron,  6  by  4  by  J  inches,  to  bear  against  "piles"  or  a  mass  of 
concrete  ;  piles  or  concrete  blocks,  to  be  placed  on  the  outer  side 
of  the  pipe,  on  curves. 

The  plan  of  laying  the  pipes  on  the  surface  is  not,  as  seems 
generally  supposed,  new  in  Australia,  as  water  was  pumped  from  the 
Burdekin  River  to  Charters  Towers  in  Queensland,  through  a  line 
*  The  comtnned  cost  of  the  pipes  and  joint-iings  appeus  to  hare  been  1,025,  'M^- 
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of  this  description ;  laid,  if  I  recollect  rightly,  in  1888.  The  reasons 
urged  in  its  favour  at  Kalgoorlie  were  : — (i)  That  in  a  line  like  the 
one  described,  of  such  extreme  length,  the  question  of  leakage  is 
important,  and  as  small  leaks  from  the  joints  and  rivets  of  steel 
pipes,  when  subjected  to  strains  caused  by  expansion  and  contrac- 
tion, are  certain  to  occur,  they  can  be  easily  detected  early  and 
thus  be  at  once  repaired  ;  (2)  decreased  cost  of  laying ;  {3)  the 
fact  that  the  soil  along  most  of  the  line  contains  salt,  which  would 
induce  rust ;  and  (4)  there  is  no  prolonged  frost  to  guard  against, 
and  no  difficulty  to  be  apprehended  from  wilful  damage.  I  under- 
stand, however,  that  it  has  finally  been  decided  to  lay  the  pipes  in 
trenches. 

Stop-valves  are  to  be  used  in  the  Kalgoorlie  pipe  line  at  the 
inlet  to  each  reservoir,  at  the  outlets  of  the  pumps,  at  every  im- 
portant depression,  and  at  points  not  exceeding  five  miles  apart. 
Scour-valves  having  openings  6  to  9  inches  in  diameter  are  to  be 
placed  on  the  under  side  of  the  main  at  every  depression.  Back- 
pressure valves  are  to  be  provided  at  the  inlet  to  each  reservoir,  and 
immediately  above  each  pumping  station.  There  are  to  be  air- 
valves  at  all  summits  on  the  line,  to  liberate  air  when  charging 
the  main,  and  to  keep  it  free  from  air  disengaged  from  the  water 
flowing  into  it. 

These  air-valves  are  to  work  automatically,  and  will  be  placed 
in  groups  of  three  or  four  in  one  casing,  and  have  a  considerable 
dischaiging  capacity.  They  are  to  be  protected  from  the  possibility 
of  interference  or  injury  by  strong  covers.  They  will  also  admit 
air  to  the  main,  in  case  the  pressure  in  it  falls  below  that  of  the 
atmosphere.  To  prevent  the  air  being  carried  past  these  valves 
by  the  flow  of  the  water,  the  provision  of  air-domes,  consisting  of 
l2-inch  cast-iron  pipes  18  inches  in  depth,  with  flanges  fitted  to  the 
crown  of  the  main,  has  been  recommended.  Immediately  above 
each  dome,  it  was  proposed  to  fix  a  3-inch  stop-valve,  and  above 
that  the  air-valve  proper.  Instead  of  cutting  a  12-inch  hole  in  the 
main,  it  was  to  be  perforated  with  numerous  smaller  holes.  In 
addition  to  this,  at  the  most  important  summits,  about  sixteen  in 
number,  the  enlargement  of  the  main  to  about  twice  the  normal 
dirimeter  was  contemplated,  thus  forming  chambers  in  which  the 
velocity  of  the  water  will  be  reduced,  and  where  air  or  gas  can 
freely  disengage  itself  from  the  water  and  escape  through  the 
air- valves. 
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The  estimated  cost  of  the  undertaking,  which  is  being  carried 
out  by  the  Public  Works  Department  of  Western  Australia,  would, 
it  was  said,  amount  to  about  2,400,000/.  The  chai^  to  be  made  for 
the  water  was  at  first  variously  stated  at  from  2s.  6d.  to  3^.  6d.  per 
thousand  gallons ;  but  from  a  later  paragraph  in  the  newspapers  it 
appears  that  the  price  was  expected  to  be  fixed  at  41'.  per  thousand, 
and  that  several  of  the  leading  mines  had  arranged  to  take  5OCO 
gallons  per  diem,  when  the  pipe  line  to  Kalgoorlie  was  completed. 

The  actual  saving  to  the  existing  population  has  been  reckoned 
as  follows.  Assuming  the  number  served  to  be  42,000,  and  their 
average  consumption  per  head  (including  some  provision  for  con- 
densed water  for  machinery  and  live  stock)  to  be  5  gallons  per 
diem,  by  carefully  reckoning  the  people  within  the  area  this  water 
supply  would  command,  it  was  ascertained  some  time  ago  that 
the  consumption  was  210,000  gallons,  and  this  costs  the  community 
800/.  a  day,  which  is  equivalent  to  292,000/.  per  annum. 

To  supply  an  equal  amount  ot  water  at  the  rate  estimated  in 
the  water  scheme  would  cost  the  population  only  about  36/.  per 
day,  or  say  14,000/.  per  annum,  an  annual  saving  of  consitJerably 
over  a  quarter  of  a  million  sterling. 

Or  to  put  the  matter  in  another  way,  the  community  could 
readily  use  four  times  the  quantity  of  water  they  at  present  use,  and 
if  they  got  the  water  for  3^.  6d.  per  thousand  gallons,*  they  could 
consume  four  times  the  present  quantity  at  less  than  a  fifth  of  what 
they  now  pay  for  a  totally  inadequate  supply. 

It  is  also  evident  that  an  enormous  gain  must  result  to  the 
various  mining  companies,  who  are  at  present  obliged  to  condense 
lai^e  quantities  of  salt  water,  if  they  were  able  to  buy  fresh  water 
for  3^.  6d.,  where  it  now  costs  them  y.  to  4J,  6d.  to  obtain  a  supply 
of  brackish  water  :  not  to  mention  the  saving  of  fuel,  which  is  at 
present  being  unavoidably  wasted  on  the  gold-fields. 

The  following  summary  of  the  principal  particulars  of  the  under- 
taking is  given!  by  Mr,  C.  Y,  O'Connor,  C.M.G.,  Engineer- in -chief. 
The  first  section  was  tested,  when,  on  March  26,  1902,620,000,000 
gallons  of  water  were  pumped  into  the  main  reservoir.     For  the 

*  TbU  price  onl^  allowed  for  delivery  at  Bulla  Bultiog,  and  it  appears  from  Ihe 
May  Report  of  Ihe  Chambei  of  Mine*  of  Wesiem  Austmlia  (igca),  that  a  higher  price 
ii  likely  to  be  charged  by  Ihe  Government  for  water  delivered  on  the  gold-fields  ai  the 
scheme  has  cost  coDsiderably  more  than  the  original  estimate.  The  Mining  ynurnal, 
London,  July  it,  1902. 

t  Handbook  of  Western  Australia,  1901,  p.  160. 
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principal  details  of  this  project  the  Author  is  indebted  to  the  de- 
scription given  of  it  by  Mr.  C.  Y.  O'Connor,  in  the  Handbook  of 
Western  Australia,  1900  ;  the  article  in  Tlie  Iron  and  Coal  Trades 
Review,  to  which  reference  has  already  been  made ;  and  two 
interesting  articles  in  The  Engineer,  of  Jan.  21  and  28,  1898.  The 
foregoing  description  aflbrds  a  general  idea  of  the  principal  features 
of  the  scheme,  subject  of  course  to  such  modifications  in  detail  as 
circumstances  may  have  necessitated  in  carrying  it  into  execution. 
The  line  was  officially  opened  on  April  30,  1902,  as  far  as 
Cunderdin,  where  No.  3  pumping  station  is  situated. 


Unh. 


r  required  to  be  pumped  per  day  ofi 
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The  works  were  officially  opened  at  Kalgoorlie  by  Sir  John 
Forrest  on  Jan.  24,  1903. 

Although  the  works  are  stated  to  be  able  to  deliver  6,000,000 
gallons  per  diem,  it  is  not  expected,  I  believe,  that  more  than 
2,Sco,ooo  gallons  will  be  delivered  at  present,  and  it  is  reported 
that  the  price  to  be  charged  at  the  reservoir  will  be  6j.  to  js.  per 
1000.  Some  further  time  will  be  also  required  for  completing  the 
reticulation  scheme  to  the  mines  at  Boulder.  The  capital  raised  to 
complete  the  works  has  amounted  to  2,750,000/. 


,v  Google 


in  Western  Australia.  145 


CHAPTER  VII. 
MINING  PRACTICE  AT  KALGOORLIE. 

The  Town. 

The  town  of  Kalgoorlie  cannot  but  impress  the  visitor  with 
its  air  of  prosperity,  with  its  public  buildings,  banks,  and  hotels, 
built  of  brick  and  stone,  rapidly  replacing  the  corrugated  iron 
and  wooden  "  shanties  "  of  a  few  years  back, — although  some  of 
these  latter  still  linger  in  the  main  streets,  to  remind  one  of  the 
"  canvas  town "  and  "  bush  shelters "  from  which  Kalgoorlie  has 
sprung.  The  contrast  between  present  and  past,  as  you  gaze  on 
the  town  at  night  from  the  balcony  of,  say,  the  Palace  Hotel,  is 
rendered  all  the  more  striking  when  lighted  up  by  electricity," 

The  streets  or  avenues  are  exceptionally  broad,  like  a  town  in 
Queensland,  or  an  American  "  city,"  skirted  by  the  familiar  wooden 
side-walks,  sheltered  from  the  fierce  glare  of  the  tropical  sun  by 
verandahs  supported  on  wooden  posts,  generally  provided  with  a 
hook  to  "  hitch-up  "  a  horse  to,  and  turned  at  Christmas-time  into 
veritable  groves  of  evergreen,  with  encalyptus-boughs,  cut  and 
brought  in  fresh  from  the  "  bush." 

Outside  the  town  the  side-walks  are  of  extra  width,  the  outer 
portion  forming  a  well-beaten  bicycle-track  or  camel-path,  along 
which  a  caravan  of  camels,  in  charge  of  their  native  Afghan  attend- 
ants, could  formerly  frequently  be  seen  starting  "up-country  " ;  whilst 
bicycles  are  now  largely  used  for  going  about,  when  speed  is  an  object, 
in  place  of  horses  and  buggies,  owing  to  the  flatness  of  the  roads. 

Land  and  Mining  Booms. 
1895-1897  witnessed  a  land  boom,  the  Government,  it  is  said, 
realising,  in  November  1896  alone,  41,235^  from  the  sale  of  land 

*  The  Electric  Pow«t  tnd  LishtiDg  CoiporatioD  has,  it  is  Mud,  enlered  into  a 
contract  with  the  Kalgoorlie-Boulder  Tram-liiie  for  the  luppl^  of  electric  power,  and 
tereral  of  the  leading  mines  propose  to  atilise  electric  power.  The  first  section  of  the 
tram-line  from  Kalgoorhe  to  Boaldei,  inclnding  the  principal  streets  in  Kalgooriie,  was 
expected  to  be  opened  fot  traffic  by  the  b^inning  of  June,  and  the  official  opening  by  the 
Mayor  took  place  on  Ma;  3o,  1903.    The  line  to  Bonlder  ii  now  completed. 
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in  Kalgoorlie  (town  lots  with  66  feet  frontage  on  the  main  street 
commanding  as  much  as  5000/).  This  was,  however,  followed  by 
the  Inevitable  reaction,  and  the  mad  speculation  which  took  place 
was  succeeded  by  a  period  which  gave  pause  for  more  sober  reflec- 
tion, affording  a  parallel  to  the  still  earlier  mining  boom  which 
is  associated  with  Coolgardie. 

To  quote  Mr.  T-  A.  Rickard  •  :— 

"  Looking  back  over  the  history  of  the  four  years,  1892-1896, 
as  told  by  prospectuses,  reports,  and  abandoned  mines,  one  stands 
aghast  at  the  monumental  foolishness  written  on  every  page  of  it. 
The  original  cause  of  it  all  was  the  finding  of  small  pockets  of 
specimen-ore.  At  the  Londonderry,  for  example,  8000  oz.  of  gold, 
valued  at  over  30,000/.,  were  taken  out  of  a  hole  not  more  than 
2\i  feet  deep,  6  feet  long,  and  5  feet  wide.  The  diggers  who  owned 
the  claim  sold  it  for  180,000/.,  and  it  was  then  floated  in  London 
for  700,000/,  The  pocket  on  whose  richness  the  value  of  the 
mine  was  based  did  not  continue  even  one  foot  deeper  than  the 
prospector's  '  golden  hole.' " 

"  There  b  no  doubt  that  many  men,  comparatively  experienced, 
we^e  carried  away  by  the  sight  of  gold  in  such  unusual  quantities, 
and  failed  to  realise  the  essentially  restricted  character  of  these 
phenomenal  discoveries. 

"  There  were  many  cases,  also,  where  small  cross-veins  so  en- 
riched a  lai^e  lode  at  the  place  of  intersection  as  to  deceive  the 
unwary.  In  the  general  bewilderment,  due  to  chicanery  and  ignor- 
ance, it  was  easy  to  impute  the  reputation  of  a  gold  vein  to  a  barren 
'  buck  reef,'  on  the  most  slender  evidence.  The  general  result  is  ex- 
pressed by  the  fact  that  over  15,000,000/.  is  estimated  to  have  been 
'  invested  '  in  West  Australian  '  mines '  during  these  three  years. 

"  There  were  very  few  capable  and  honest  men  on  the  spot  at 
the  time,  and  they  were  compelled  by  the  force  of  events  to  keep  in 
the  background.     The  promoters  paid  those  who  piped  their  tune." 

As  a  consequence,  the  profession  was  "  rendered  ridiculous  by 
ship-stewards,  plasterers,  hotel-keepers,  newspaper  reporters,  and 
many  others,"  whose  failure  in  their  own  walk  of  life  led  them  to 
pose  in  the  more  lucrative  guise  of  '  mining  experts '  (!)  borne 
along  on  the  wave  of  mining  excitement  when  the  reports  of  any 
charlatan  will  obtain  credence,  and  mining  engineers,  as  a  body, 
paid  a  hea^-y  penalty  for  this. 

•  Eng.  and  Mining  Jditmal,  April  l6,  1898. 
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Shoals  of  globe-trotting  "salesmen"  spent  their  time  hunting 
for  "wild-cats"  with  presentable  skins  for  the  London  market,  and 
"  of  the  few  men  who  really  possessed  experience,  and  knew  better, 
some  proved  too  weak  to  resist  the  temptation  of  becoming  suddenly 
rich.  Their  names  are  now  by-words  among  the  very  people  whose 
schemes  they  furthered."  The  early  annals  of  other  fields  can 
scarcely  show  an  equal  to  the  bogus  financiering  and  engineering 
which  were  the  motive  forces  behind  the  boom  of  1895  ;  and  when 
the  awakening  came,  worthless  mines  were  shut  down,  machinery 
was  left  to  rust  on  the  ground,  and  abandoned  shafts  were  turned 
from  profitless  gold-mines  into  useful,  if  less  profitable,  water-wells. 

The  confidence  of  those  who  believed  in  Western  Australia 
was  rudely  shaken,  and  a  severe  financial  panic  set  in,  which 
seemed  destined  to  check  the  progress  of  the  Colony,  and 
jeopardise  its  future  for  years  to  come,  when,  in  April  1895,  the 
Great  Boulder  mine  at  Kalgoorlie  made  a  lO-oz.  crushing,  and 
heralded  the  b^inning  of  the  growth  of  the  Kalgoorlie  Gold-fields, 

In  1898,  Mr.  H.  C,  Hoover^  stated,  that  out  of  580  mining 
companies  promoted  in  Western  Australia  during  the  "  boom,"  not 
more  than  18,  or  about  three  per  cent.,  could  be  termed  lai^e 
mines ;  still,  they  leavened  the  loaf,  and  were  mines  of  which  any 
gold-field  might  be  proud,  eight  or  nine  being  situated  at  Kal- 
goorlie, and  the  others  scattered  over  a  wide  area.  It  must  be 
recollected,  however,  that  the  country,  even  now,  possesses  vast 
tracts  still  unprospected,  and  comparatively  recently  a  very  pro- 
mising gold-field  was  stated  f  to  have  been  discovered  at  Phillips 
River,  170  miles  east  of  Albany.  The  Edjudina  find,  about  seven 
miles  west  of  Kookynie,  near  Menzies,  is  a  yet  more  recent  dis- 
covery ;  and,  writing  from  Kalgoorlie  on  August  lOth,  1901,  the 
special  correspondent  of  the  Financial  Times  said  ; — "  What  pro- 
mises to  be  a  valuable  discovery  has  been  made  about  15  miles  out 
of  Kalgoorlie,  and  at  a  spot  about  four  miles  due  south  of  the  old 
Golden  Ridge  mine.  A  good  deal  of  dollying  has  been  done,  and 
as  a  rule  the  prospects  run  between  two  and  three  ounces.  If  the 
reef,  which  is  apparently  three  or  four  feet  wide,  carries  2-oz.  values 
at  a  depth  of  50  feet,  then  the  owners  will  have  a  valuable  property, 
for  the  stuff  can  be  easily  mined  and  milled.  The  place  rejoices 
in  the  name  of  The  Waterfall."  This  shows  how  little  is  yet  known, 
even  of  the  neighbourhood  of  the  big  camps. 

■  Eng.  aitd  MiiuHg  Journal,  Dec,  17,  1898. 
t  Financial  Times,  Aug.  31,  1900. 
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The  18  mines  referred  to  by  Mr.  Hoover  (p.  147)  are  credited 
with  having  produced,  up  to  June  1898,  a  total  of  642,284  oz.  of 
gold,  from  295,096  tons  of  ore.  The  average  value  of  the  ore 
may  therefore  be  taken  at  2'  15  oz.  per  ton,  whilst  it  can  safely  be 
reckoned  that  I  oz,  more  was  left  in  the  tailings.  Their  aggregate 
market  value  was  at  this  time  (1898)  estimated  at  over  12,500,000/. 
sterling,  and  there  were  1787  "stamps"  at  work,  distributed  in  186 
mills,  or  less  than  an  average  of  10  stamps  to  each  plant. 

As  might  consequently  be  expected,  when  the  large  quantities 
of  Iow>grade  ore,  which  many  of  these  mines  possessed,  came  to  be 
worked  on  a  more  extensive  scale,  upon  the  erection  of  larger  mills, 
"two-ounce  returns,"  for  which  these  early  days  were  remarkable, 
became  rarer ;  and  it  was  found,  in  fact,  that  it  was  more  profitable 
to  crush  lower-grade  ore  in  larger  quantity,  in  proportion  as  ex- 
penses decreased  and  more  economical  methods  of  handling  and 
treatment  were  introduced.  7'he  high  cost  with  which  Australian 
mines  were  at  first  saddled,  were  due  amongst  other  causes  to 
inefficient  management,  unskilled  labour,  defective  equipment 
scarcity  of  timber  and  bad  water,  expensive  freight-rates,  and  the 
severe  conditions  of  labour,  which  necessitated  high  wages. 

The  Boulder  Group  of  Mines. 

The  situation  of  the  leading  Kalgoorlie  mines  near  the  Boulder 
township,  has  already  been  described  tn  a  previous  chapter,  and 
the  general  position  of  the  principal  leases  is  shown  on  the  con- 
venient little  pocket-map  (Fig.  26)  published  by  Mr.  H.  T.  de  la 
Croupe,  which  the  Author  has  been  permitted  to  reproduce.  Its 
scale  precludes  the  possibility  of  showing  the  topographical  features, 
area,  and  official  numbers  of  leases,  the  position  of  the  main  shafts  • 
or  the  underground-workings,  but  these  can  be  ascertained  from 
lai^er  plans  of  the  field,  such  as  Messrs.  Clarke  and  Co.'s,t 
Messrs.  Bewick,  Moreing  and  Co.'s  %  map,  or  that  of  the  Cie.  Beige 
des  Mines  d'Or  Australiennes  f  (June  1902).  It  is  difficult  to 
epitomise  one's  impressions  of  a  mining  camp  like  Kalgoorlie,  but 
its  principal  features  may  be  summarised  under  the  following  heads. 

Nature  of  the  Ore  Deposits. — This  subject  has  been  already  dealt 

*  II  mar  ^  mentioned  tbal  Ihe  collar-set  of  Judd's  shaft  on  (he  Associated  Gold 
Mines  lease,  is  stated  lo  be  1337  feel  above  sea-level;  the  Great  Boulder  is  about  1127 ; 
and  Kalgoorlie  is  1240. 

t  Obtainable  Ihrongh  ihe  Fiitantial  Tivta,  J2  Coleman  Street,  C.C. 

X  Published  as  a  supplemenl  by  (he  Bullioaisl,  June  25,  1S98. 
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with  in  Chapters  IV.  and  V.,  in  which  their  geological  features  and 
mineralisation  are  discussed  at  length. 

It  may  be  remarked,  however,  that  the  "  lode-formations "  on 


Fig.  a6.— Pocket  Plan,  showing  the  Relative  Positions  of  the  Trincipal 

Leases,  etc.  at  Kalgoorlie.    By  H.  Thi^bauld  d«  U  Croupe. 

(Eleprodnced  bj  peimission.) 

the  extreme  eastern  side  of  the  field,  present  certain  features  which 
seem  more  or  less  to  distinguish  them  from  those  on  the  western 
side  ;  as  they  follow  a  different  "  course,"  and  the  ore-bodies  they 
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cany  are  of  a  more  isolated  character ;  p>artaking,  it  would  appear 
in  some  cases,  more  of  the  character  of  "  pipes  "  or  "  chimneys  " 
than  of  a  succession  of  lenses.  Moreover,  the  lode-formations  on 
the  western  side  of  the  field,  comprising  the  Ivanhoe,  Golden 
Horse-shoe,  and  Boulder,  or  what  are  known  as  the  Western  Reefs, 
present  considerable  differences  to  the  belt  of  country  lying  imme- 
diately east  of  them,  in  the  centre  of  this  auriferous,  area.  The 
chief  points  of  difference  seem  to  be  (1)  that  the  country  rock  in 
the  Australia,  Kalgurii,  and  other  leases  is  frequently  of  a  greyish 
colour  and  felsitic  character,  whilst  in  the  mines  further  west  it 
is,  generally  speaking,  of  the  dark-green,  porphyritic,  or  granitic 
type  found  in  other  parts  of  the  gold-belt  (which  may  be  regarded 
as  the  more  characteristic  of  the  two)  ;  (2)  that  whilst  the  Western 
Reef  formations  are  as  a  rule  narrower,  the  ore-bodies  they  carry, 
generally  speaking,  seem  to  possess  greater  continuity,  and  to 
partake  more  of  the  character  of  the  gold-shoots  in  an  ordinary 
lode  ;  whilst  their  "  gangue  "  has  all  along  been  more  quartzose  than 
that  of  the  "  formations  "  east  of  them,  and  seems  to  be  becoming 
increasingly  so ;  for  these  reasons  the  future  of  the  western  forma- 
tions in  depth  appears  to  be  the  more  assured.  Conversely,  the 
ore-bodies  in  the  middle  series  of  formations,  termed  the  Eastern 
Reefs,  present  rather  the  character  of  a  succession  of  lenses,  which 
are  often  individually  of  very  lai^e  dimensions,  but  are  of  a  more 
isolated  and  irregular  character. 

These  differences  may  possibly  be  due  to  the  fact  that  some  of 
the  ore-deposits  were  formed  at  different  periods  and  under  different 
geological  conditions,  and  that  the  eruptive  dykes,  to  which  they 
appear  to  owe  their  origin,  were  in  some  cases  of  a  more  acid,  in 
others  of  a  more  basic  character ;  so  that  the  conditions  under 
which  the  ore-bodies  were  formed  and  the  gold  was  deposited  in 
them,  were  not  altogether  the  same. 

Prospectifig.~\n  the  early  history  of  the  field,  an  immense 
amount  of  money  was  wasted  in  sinking  small  prospecting-shafts. 
The  leases  held  by  any  one  company  varied  in  size  from  10  acres 
up  to  85  acres,  but  seldom  exceeded  50  acres,  and  leases  of  only 
24  acres  in  area  were  frequently  found  dotted  with  half-a-dozen  or 
more  shallow  pot-holes,'  notwithstanding  the  fact  that  most  of  the 
*  The  small  prospectiag-Ehafli  sunk  in  search  of  alluvial  only  measure  about  z  by 
4  feet  as  a  rule,  one  reason  being  Ibat  as  they  are  untimbered  (except  for  being  "  logged- 
op,"  and  perhaps  "  lagged  "  wilh  a  few  poles,  ittar  lie  lurface)  they  are  less  liable  to 
cave,  and  unliiDg  cu  be  carried  on  with  a  windlass  and  "hide  bucket"  to  some  depth. 


,v  Google 


in  fVestem  Australia.  151 

lode-formations  dip  at  high  angles  (approaching  the  vertical)  and 
the  surface-zone  is  much  unsettled ;  consequently,  even  to-day, 
many  properties  are  by  no  means  thoroughly  explored. 

A  great  deal  of  capital  may,  it  is  true,  be  easily  squandered  in 
objectless  prospecting,  whether  by  sinking  shafts  where  they  are 
'  not  required,  or  by  cross-cutting  long  distances  where  there  are  no 
indications  to  warrant  outlay  of  the  kind ;  but  at  Kalgoorlie,  It  must 
be  recollected,  you  have  a  succession  of  parallel  "  formations,"  some 
of  which  may  be  termed  "blind  lodes"  that  never  reach  the  surface 
at  all.  Moreover,  the  ore-bodies  in  the  different  "formations,"  re- 
curring as  they  do  in  large  isolated  lenticular  masses  (containing 
perhaps,  individually,  thousands  of  tons  of  rich  ore,  separated  along 
the  course  of  the  deposits  by  many  feet  of  barren  ground),  are  split 
up  into  vertical  bands  by  parallel  sheets  or  "  horses  "  of  worthless 
lode-matter,  whilst  the  ore-bodies  themselves  are  liable  to  be 
faulted  and  in  part  displaced,  and  "subsidiary  lenses"  are  often 
found  as  outlying  "  bunches  "  in  the  walls  of  the  principal  forma- 
tions. Under  such  circumstances  as  these,  before  a  lease  can  be 
said  to  be  thoroughly  tested,  it  requires  to  be  well  cross-cut  at 
various  levels.  The  length  and  direction  which  such  cross-cuts 
should  take  is,  however,  by  no  means  aEtogether  arbitrary,  being 
governed  by  the  discoveries  on  the  surface  and  developments  made 
under  ground,  as  well  as  by  the  position  that  each  property  occu- 
pies in  relation  to  the  course  of  the  "  formations "  discovered  in 
neighbouring  leases ;  assuming  that  they  may  be  expected  to 
traverse  the  adjoining  properties  in  a  certain  direction,  unless  any 
faults  or  breaks  seem  likely  to  throw  any  particular  "  formation " 
out  of  its  proper  course.  Exploratory  work  of  this  kind,  in  fact, 
requires  to  be  based  on  indications  and  rational  assumptions, 
which  point  to  the  probabilities  or  otherwise  of  finding  a  body 
of  pay-ore  in  a  particular  part  of  the  ground ;  and  if  waste  of 
money  is  to  be  avoided,  the  point  to  be  determined  is  the  shortest 
and  least  expensive  way  to  reach  it,  either  by  cross-cutting  or 
boring  from  existing  workings,  or  by  sinking  or  boring  from  surface 
in  a  new  place. 

Where  the  width  of  a  lease  is  considerable,  it  would  seem  to  be 
the  best  policy,  under  ordinary  conditions,  to  sink  an  independent 
prospecting-shaft,  for  cros3<utting  the  shallow  ground  when  look- 
ing for  "  a  formation  "  ;  but  if  considerable  depth  has  been  reached, 
it  would  be  cheaper,  as  a  rule,  to  put  out  exploratory  bore-holes 
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or  cross-cuts  from  the  main  shaft  in  search  of  a  "  blind  lode,"  to 
prospect  for  lateral  ore-bodies  ;  or  in  order  to  see  if  (as  has  not 
unfrequently  happened)  any  improvement  has  taken  place  in  depth 
in  "  a  formation  "  known  to  traverse  the  lease,  but  which  has  proved 
more  or  less  barren  at  surface. 

An  instance  of  a  "  blind  ore-body  "  is  given  •  by  Mr.  D.  H. 
Lawrance,  who  mentions  that  at  Hannan's  Crcesus  a  "shute"of 
ore  averz^ing  14  oz.  to  the  ton  was  discovered  in  the  early  days, 
at  a  depth  of  120  feet,  whereas  60  feet  below  the  surface  no  trace 
of  the  ore-body  occurred.  The  Financial  Times  correspondent  at 
Kalgoorlie,  writing-  on  August  10,  1901,  said :  "  The  Croesus  Pro- 
prietary has  proved  the  existence  of  the  Eclipse  lode  at  a  depth 
of  500  feet,  and  for  a  width  of  about  3  feet  the  body  shows  good 
valui^s  and  would  certainly  pay  to  treat.  He  adds :  "  Develop- 
ment work  lately  carried  on  in  the  Eclipse  lease  proves  that  the 
same  lode  does  not  live  above  the  300-fect  level."  To  the  fore- 
going instances  might  be  added  the  discovery  of  a  "caunter-lode" 
in  the  Great  Boulder  main  shaft  at  898^  feet,  reported  to  be  6  feet 
wide,  dipping  south,  and  assaying  18  dwt ;  whilst  it  may  also  be 
observed  that  the  new  malte  to  the  west  of  the  "  west  lode,"  as 
shown  on  a  section  (given  in  the  Statist  of  July  28,  1900)  which 
is  taken  through  the  cross-cuts  from  the  main  shaft,  does  not 
appear  to  run  much  above  the  500-feet  level.  In  the  letter  already 
referred  to  of  the  correspondent  of  the  Financial  Times,  dated 
August  10,  1901,  he  remarked,  "The  cutting  of  a  totally  new  ore- 
body  at  the  ijoo-feet  level  in  the  Great  Boulder  also  bears  out 
the  argument  in  favour  of  deeper  work,  and  where  the  ore  occurs 
in  lenses,  as  on  the  Kalgoorlie  field,  it  is  impossible  to  say,  until 
much  deeper  work  is  done,  what  the  future  of  the  mines  is  to  be. 
Mr.  Hamilton  is  greatly  impressed  with  the  value  of  the  discovery 
at  the  Great  Boulder  at  1300  feet,t  and  he  is  of  opinion  that  the 
ore  will  be  found  to  live  to  veiy  great  depth."  In  the  Associated 
Gold  Mines  lease,  a  cross-cut  from  Tetlcy's  600-feet  level,  run  to 
connect  with  Judd's  shaft,  was  reported  in  September  1900  to  have 

•  '  The  Kalgoorlie  Mbes  of  the  Great  Western  Auitralian  Gold  Backbone,*  Tram. 
Jntt.  ef  Mining  £Hgiiueri,  toI.  xt. 

t  It  appean  from  the  Compan]''i  Annual  Report  lo  December  31,  1901,  that  thii 
ditcoverj  was  made  in  catling  the  "plat "  on  the  west  side  of  the  sh^n,  where  a  lode 
baring  a  width  of  4  feet  6  inchei  and  a  value  of  20  dwt.  was  found,  dipping  west  I  foot 
6  uichea  in  6  feet. 
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cut  a  new  ore-body  (the  No.  2  Cross-Lode)  300  feet  to  the  east, 
9  feet  wide,  worth  about  23  dwL  A  more  recent  case  that  came 
under  the  Author's  notice  was  described  in  a  cable  to  the  Statist  of 
October  5, 1901,  as  follows  : — "  South  Kalgurli,  at  a  depth  of  723  feet, 
a  body  of  ore  has  been  intersected,  the  width  being,  as  far  as  can 
be  seen,  3  feet,  assaying  30  dwt  In  the  manager's  opinion  it  is  an 
entirely  new  deposit." 

Other  instances  might  be  given  where  the  surface  indications 
have  been  slight,  and  yet  valuable  "  ore-bodies  "  have  been  discovered 
by  sinking,  a  notable  one  being  the  North  Boulder,  where  the 
existence  of  a  wide  lode  formation,  which  was  afterwards  found 
averting  i^  to  2  oz.  to  the  ton,  remained  unsuspected  during  the 
first  eighteen  months'  prospecting;  and  in  August  1901  a  bore- 
hole from  the  600-feet  level  passed  through  a  formation  in  the 
same  lease  12  inches  wide  (100  feet  east  of  the  main  shaft),  an 
assay  of  which  gave  3  oz.  per  ton.  Again,  the  Kalgurli  gold-mine, 
in  which  the  prospectors  merely  discovered  a  small  patch  of  rich 
ore  near  the  surface,  was  proved  afterwards  by  developments  at 
the  200-feet  level  tocontain  an  ore-body  which  is  stated  to  have 
been  60  feet  in  width,  in  one  place  averaging  some  4  oz.  per  ton ; 
whilst  an  important  new  discovery  of  oxidised  ore  (averaging 
I  oz.  5  dwt.)  was  made  in  1902  in  the  North  Kalgurli, 

On  these  grounds,  the  evidence  strongly  favours  the  assump- 
tion that  judicious  cross-cutting  in  depth  in  some  of  the  teases 
within  the  main  gold-belt  may  probably  result  hereafter  from  time 
to  time  in  making  important  discoveries. 

In  support  of  this  view,  I  may  quote  the  remarks  of  the  special 
correspondent  of  the  Financial  Times,  in  a  letter  dated  July  27, 
1901  : — "  A  development  of  very  great  importance  to  the  Kalgoorlie 
field  occurred  in  the  early  part  of  this  week  on  the  North  Block 
of  Hannan's  Oroya,  the  diamond  drill  having  cut  the  Associated 
Northern's  run  of  ore,  at  a  depth  of  555  feet.  The  drill  travelled 
through  20  feet  of  lode  matter,  and  values  for  that  distance  averaged 
8  oz.  per  ton,  but  one  section  of  the  core  gave  an  assay  of  some- 
thing like  so  oz."  • 

*.A  cross-cut  subsequently  put  out  al  the  No.  G  lercl  cut  fiom  Pomeroy  shaft,  to 
prove  this  discovery,  paied  through  41  feet  of  lode-form«ion  assaying  55  dwt.  per  ton  ; 
and  for  a  width  of  30  feet  assayed  i\  m.  to  the  ton.  A  drive  (No.  j)  started  north  on  the 
banginf-wall  of  this  ore-body  (S  feet  wide)  and  advanced  75  feel,  is  stated  to  have  shown 
an  average  assay  valoe  of  10  oz.  15  dwt.  per  ton.    Company's  report  to  March  31,  190I. 
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To  avoid  long  and  expensive  cross-cuts,  and  save  time,  long 
single  exploratory  "  bore-holes  "  are  not  unfrequently  run  out  with 
diamond-drills,  to  cross-cut  the  ground,  and  valuable  discoveries 
have  certainly  been  made  in  this  manner.  But  it  is  rather  doubtful 
whether  such  a  plan,  speaking  generally,  is  always  satisfactory 
for  mere  prospecting  purposes,  since  the  results  are  sometimes  mis- 
leading, should  a  "  formation  "  be  intersected  in  an  exceptionally 
rich  or  poor  spot,  the  section  of  a  bore-hole  being  very  different 
from  a  section  that  can  be  inspected  and  tested  from  a  drive  ;  and 
even  if  a  rich  formation  happen  to  be  discovered,  time  and  money 
are  lost  in  getting  at  it  to  open  it  up.  The  conditions  are  in  fact 
totally  different  from  those  on  the  Rand,  and  in  other  places,  where 
deep  exploratory  bore-holes  have  been,  no  doubt,  sunk  with  great 
advantage. 

A  leading  article  in  the  Fittancial  Times  of  October  2,  1901, 
on  the  Tarquah  bore-holes,  which  I  venture  to  quote,  puts  the  case 
in  a  very  plain  and  practical  manner,  as  regards  "  banket-beds"  which 
any  business  man  can  perfectly  easily  understand  ;  and  what  is  true 
of  West  Africa  and  the  Rand  applies  with  far  greater  force  in  the 
case  of  the  Western  Australian  "  formations  "  : — 

"As  to  the  value  of  the  ore,  when  a  bore-hole  does  penetrate 
the  reef,  the  market  is  apt  to  attach  exaggerated  importance  to  the 
matter.  The  demonstration  of  the  continuance  of  the  banket-beds 
is  of  the  highest  consequence  ;  the  value  at  a  given  point  is  of  no 
significance  whatever. 

"  From  the  way  in  which  the  assays  of  the  cores  taken  are 
either  extolled  or  sneered  at,  it  might  be  supposed  that  a  reef  is  of 
the  uniform  quality  of  a  cheese.  But  although  banket — as  demon- 
strated on  the  Rand — usually  contains  a  certain  average  quantity 
of  gold  throughout  a  considerable  stretch  of  reef,  in  contra- 
distinction to  quartz  bodies,  in  which  the  precious  metal  runs  in 
"chutes,"  the  value  within  a  small  radius  is  very  variable.  Here 
the  gold  may  lie  thick  ;  a  few  inches  away  the  stone  may  be  poor, 
and  then  may  come  another  rich  splash.  If  on  the  Tarquah 
field,  the  ore  is  rich  here  and  poor  there,  it  must  be  the  merest 
chance  whether  a  bore  sunk  strikes  a  good  or  a  bad  section.  Of 
much  greater  concern  is  the  width  of  the  reef  shown.  This  also 
would  naturally  be  variable,  although  not  in  the  same  degree, 
and  inferences  drawn  from  the  core  extracted  may  be  some- 
what   misleading,   owing    to    uncertainty   as    to   the   dip   of    the 
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reef,  and  possibly  a  deflection  "  of  the  bore.  Exploration  by  means 
of  bore-holes  is  useful,  because  it  roughly  demonstrates  general 
conditions ;  but  exaggerated  importance  should  not  be  attached  to 
any  particular  result." 

No  better  system  can  be  employed,  however,  at  Kalgoorlie  or 
elsewhere,  for  testing  the  ground  on  either  side  of  a  level  follow- 
ing "  a  formation  "  (particularly  when  it  happens  to  be  a  wide  one 
and  carries  irregular  lenses  and  bunches  of  ore),  than  by  putting 
in  a  number  of  slwrt  cross-cut  holes  for  distances  up  to  100  or  even 
IJO  feet  in  length.  Still,  even  these  at  times  prove  disappointing, 
and,  as  a  case  in  point,  the  discovery  reported  in  the  Great 
Boulder  in  a  bore-hole  put  out  west  in  the  vicinity  of  No.  2  air- 
shaft  (478  feet  north  of  Robertson's  lOO-feet  cross-cut  east)  on 
Robertson's  lode  may  be  cited,  an  oxidised  ore-body  having  been 
cut,  reported  to  be  2  feet  6  inches  wide,  assaying  5  oz.  It  was, 
however,  subsequently  stated  f  that  further  trials  had  failed  up  to 
date  to  locate  any  valuable  extension  of  this  ;  and,  under  the  head 
of  "  diamond  drilling,"  Messrs.  John  Taylor  and  Sons  remarked  : — 
"A  great  deal  of  evidence  disclosing  information  of  geological 
interest  was  obtained,  but  we  regret  that  in  only  a  few  cases  dis- 
coveries of  commercial  value  were  made."  During  the  year  1898 
the  Great  Boulder  did  1250  feet  of  diamond  drilling  ;  4802  feet  in 
1899  ;  and  no  less  than  Gf^jj  feet  in  1900  j  whilst  4328  feet  6  inches 
were  bored  in  1901.  In  the  year  ending  March  31,  1901,  the 
Associated  put  in  4088^  feet  of  diamond-drill  holes,  or  an  average 
of  340  feet  per  month  ;  and  5458  feet  up  to  the  same  date  in  1902, 
an  average  of  455  feet  per  month. 

Boring  is  done  on  "day-pay"  and  contract,  the  cost  varying 
with  the  size  of  hole,  nature  of  the  ground,  price  of  "  carbons,"  etc,,J 
but  I  believe  \-js.  td.  to  zzs.  a  foot  (compressed  air  being  supplied  by 
the  company)  will  cover  the  cost  of  most  of  the  ordinary  size  deep 
holes  put  in  up  to  date  ;  whilst  under  favourable  conditions,  small 
size  holes  may  be  drilled  for  5j.  &d.  per  foot.     Power  (steam)  for 

*  B;  the  use  of  special  instriimenU  the  dip  and  deflection  can  be  ascalained,  and  the 
results  checked. 

t  Annual  RrpOTt,  1900,  p.  48. 

\  The  price  of  carbons  per  carat  in  London,  in  July  1900,  reached,  I  have  been  in 
fotmetl,  the  high  figure  of  14/.  lor, ;  but  in  September  1901,  caibons  (i  to  6  carats)  vere 
quoted  at  the  low  price  of  ;/,  Ji.  ;  an  average  price  being  probably  in  the  neighbourhood 
of  9/.  to  to/,  per  carat.  Boits  could  be  bought  for  ii  to  3/.  5/. ;  6  to  3  stones  of  \\  to  3} 
carats  are  required  per  bit  of  ordinary  size.  The  wear  is  reckoned  on  the  Rand  at  about 
I  carat  per  15  ft.  bored. 
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supplying  air  is  reckoned  to  cost  from  \s.  6d.  to  2s.  a  foot  all  round  ; 
whilst  the  cost  for  electric  power  is  said  to  run  about  6d.  a  foot. 
At  the  Great  Boulder,  power  is  supplied  by  an  oil  engine. 

The  Author  is  informed  that  the  cost  of  some  of  the  large  size 
"  plants "  employed  for  drilling  long-holes  runs  from  about  800^ 
to  1200/.  on  the  spot.  Sullivan's  H-drill  giving  a  i|-inch  diameter 
core  is,  as  far  as  he  knows,  about  the  largest  size  in  general  use  on 
the  field,  but  for  short  h?)les  (up  to  300  or  400  feet)  the  smaller 
machines  are  almost  equally  effective,  and  handier  to  work  under- 
ground. Owing  to  the  liability  of  breaking  up  the  softer  parts  of 
the  core,*  which  are  often  the  richest,  the  fine  material  washed  out 
of  the  bore-hole  should  be  settled  and  assayed.  Compressed  air 
is  expensive  for  running  drills  of  this  kind,  and  the  Sullivan 
Company  have  lately  designed  an  electric  drill,  for  which  certain 
advantages  are  claimed.  At  a  depth  of  about  600  feet  in  the  North 
Boulder  mine,  drilling  through  hard  ground,  an  electric  drill  made 
the  satisfactory  record  of  231  feet  bored  on  contract  in  five  working 
days ;  and  the  cost  of  power  was  reported  to  be  less  than  using 
compressed  air. 

Developmetii  by  Shafts,  etc. — Baron  van  Oldruitenborgh  f  ex- 
pressed the  opinion  that  a  great  mistake  was  committed  by  several 
companies  in  the  early  days,  by  sinking  nearly  all  their  vertical  or 
main  shafts  within  the  "hanging-wall  country"  of  the  lodes,  to 
reduce  the  expense  of  cross-cutting ;  notwithstanding  that  this 
item  in  the  cost  of  development  is  liable  to  constantly  increase 
with  depth,  if  the  shafi:  is  sunk  in  the  footwall,  unless  the  underlie 
of  the  "  formation  "  changes.  It'  is  true  that  the  former  course  is 
justifiable  in  most  cases,  if  the  "  hade  "  of  the  lode  departs  much 
from  the  vertical ;  but  when,  as  at  Kalgoorlie,  the  "  formations  "  dip 
usually  at  a  very  high  angle,  no  doubt  it  would  have  been  better, 
speaking  generally,  to  sink  on  the  "  footwall "  side. 

The  trouble,  however,  no  doubt  was  that  no  one  could  tell 
at  the  start,  what  alteration  might  take  place  in  depth  in  the 
inclination  of  the  lodes,  and  if  they  had  gone  off  fiat  in  depth,  a 
shaft  in  the  footwall  might  have  added  considerably  to  working 
chaises,  which  few  managers  would  care  to  risk.  The  situation  of 
some  of  the  shafts,  however,  entailed  in  certain  cases  danger  of 

*  This  is  paiticulaily  liable  (o  happen  with  the  Hualler  sized  drills. 

t  'Technical  Observations  upon  the  Cootgardie  Gold  Fields,' 7*^^  iViHtiV'7''^"*''* 

London. 
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serious  injur}',  when  they  were  not  left  surrounded  by  sufficiently 
large  "  protection  blocks "  of  solid  ground  ;  and  in  view  of  this 
fact,  there  can  be  no  question,  as  Baron  Oldruitenboi^h  said,  that 
it  was  a  great  pity  to  have  sunk  some  of  the  main  shafts  in  the 
hanging-wall,  facing  by  preference  the  richest  and  strongest  "  ore- 
shoots,"  thus  entailing  either  danger  of  settlement  around  the 
shaft,  or  the  loss  of  a  block  of  stoping-ground  10  feet  to  30  feet 
wide,  carrying  from  one  up  to  several  ounces  of  gold  per  ton.  A 
worse  mistake,  however,  was,  I  believe,  committed  by  locating 
some  of  the  reduction-works  and  surface-plant  on  the  hanging-wall 
side  of  the  reefs,  close  to  the  line  of  "  outcrop,"  where  the  founda- 
tions are  liable  to  risk  of  settlement,  and  buildings  and  machinery, 
to  injury  by  removal  of  the  ore  below.  It  is  also  doubtful  in 
certain  instances  how  far  the  question  of  the  most  advantageous 
disposition  of  surface-plant  was  considered  in  the  early  days  of  the 
field,  in  reference  to  the  location  of  the  main  working  shafts,  steam 
economy,  etc, 

Skaft  Equipment. — The  accompanying  illustrations  (Figs.  27 
and  28)  show  the  "  poppet-heads  "  and  dumps  of  the  Great  Boulder, 
and  the  "  head-gear  "  erected  at  the  Ivanhoe  mines.  Some  of  the 
older  "  head-gears "  were  both  antiquated  in  design  and  shaky  in 
construction  ;  but  it  must  be  recollected  that  the  same  facilities 
for  "haulage"  are  not  even  now  required  as  obtain  on  the  Rand 
and  in  other  districts,  where  the  chief  object  is  to  be  able  to  handle 
immmse  quantities  of  comparatively  low-grade  ore,  raised  from  great 
depths,  in  the  shortest  possible  time. 

The  day  will,  however,  no  doubt  arrive  when  this  will  be  done 
at  Kalgoorlie ;  but  it  cannot  be  attempted  until  fresh  water  is  avail- 
able on  the  field  in  sufficient  quantity,  and  the  "  sulphide  question  " 
has  been  settled — that  is  to  say,  "  sulphide-ore  "  can  be  treated  at 
a  lower  figure  than  at  present,  with  absolute  assurance  of  metal- 
lut^ical  success. 

Whilst,  on  the  one  hand,  the  great  width  of  some  of  the  Kal- 
goorlie ore-bodies  favours  large  output,  on  the  other  hand,  the 
uncertainty  and  irregularity  in  the  distribution  of  the  ore  (more 
particularly  in  some  of  the  "  formations  ")  operates  the  other  way, 
making  medium-outputs  the  rule  for  the  time  being.  Hence 
the  powerful,  but  necessarily  costly,  installations  for  winding  pur- 
poses, which  are  common  on  the  Rand,  would,  even  in  its  present 
stage  of  development,  be  money  thrown  away  in  Western  Aus- 
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tralta — a  point  adverse  critics  of  Westralian  management  seem  to 
overlook.  Heavier  loads  might,  however,  be  hoisted  in  some  cases 
no  doubt  with  advantage."  The  winding-engine  recently  erected 
at  the  Associated,  at  Judd's  shaft,  is  stated  to  be  capable  of  hauling 
from  3000  feet. 

The  winding-plant  at  the  Great  Boulder  main  shaft  (which  is 
also  equipped  as  a  pump-shaft)  consists  of  a  first-motion  horizontal 
engine,  with  a  pair  of  14-inch  cylinders,  3-feet  stroke,  and  7-feet 


Fic.  39. — Head-gear,  and  Dumps,  at  the  Great  Boulder 
Maln  Shaft. 

drums,  steam  for  the  engine  and  compressors  being  supplied  by  a 
set  of  four  high-pressure  6  feet  by  24  feet  Cornish  boilers ;  two 
similar  boilers  were  added  in  1899. 

Mr.  Hamilton  informed  the  Author  that  the  "poppet-legs," 
85  feet  in  height,  shown  in  the  illustration  (Fig.  29),  are  of  karri 
timber,  the  legs  consisting  of  four  single  sticks  of  round  timber, 
whilst  the  rest  of  the  framing  (which  is  1 5  feet  in  height)  is  of  sawn 
timber ;  there  is  a  landing-stag©  for  the  mine-trucks,  at  a  level 

*  Al  the  Lake  View  mine,  Ihe  main  shaft  is  eqaipped  with  a  Riadoo  direct- acting 
engine,  and  a  Email  Martin's  winding-engine  for  hoisting  men,  timber,  etc. ;  the  load  of 
ore  foimerly  hoisted  was  14  cwt.,  but  with  proper  loading  arrangements  in  the  shaft  and 
automatic  duiiiping-akipi,  it  is  stated  that  Soo  to  1000  tons  of  ore  could  be  bandied  daily. 
Rfport,  Bewick,  Moreing  and  Co.,  April  3,  1903. 
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sufficiently  high  to  give  good  dump-room.  Lane's  Shaft  was 
equipped  in  1899  with  a  14-inch  by  3(5-inch  double  cylinder  direct 
winding-engine,  and  the  engine-shed  contains  two  steam  pumps 
with  compound  cylinders  respectively  9  inches  and  16  inches  in 
diameter,  and  12-inch  water-cylinders,  with  a  15-inch  stroke;  these 
arc  used  to  pump  the  salt  water  required  by  the  mine  to  the  top 
of  the  hill  behind  the  mill. 

I  am  indebted  to  Mr.  Thos.  Hewitson  for  the  information  that 
the  Ivanhoe  main  shaft  (Patterson's),  which  was  enlarged  in  1901 
to  13  feet  by  5  feet,  was  equipped  with  an  18-inch  by  42-iiich  first- 
motion  engine,  with  8-feet  drums  ;  new  exhaust  steam-condensers 
being  subsequently  added  to  this  plant.  Drysdale's  shaft  is  fitted 
with  an  S-iuch  Cornish  lift-pump,  which  is  operated  by  an  1 8-inch  by 
42-inch  engine ;  they  have  also  a  geared  (2  to  i)  iz-inch  by  30-inch 
slide-valve  engine,  with  6-feet  diameter  double-drums  in  the  engine- 
shed.  This  shaft,  which  was  originally  9^  feet  by  4  feet,  has  been 
enlarged  to  12  feet  by  4  feet  6  inches  to  a  depth  of  537  feet 
6  inches,  and  below  that  level  is  the  same  size  as  Patterson's. 

The  head-gear  at  Patterson's  shaft  originally  consisted  of  iron 
poppet-legs  60  feet  high,  but  new  90-feet  poppet-legs  have  since 
been  erected,  and  the  stone  raised  is  crushed  in  a  No.  5  Gates' 
rock-breaker,  and  run  into  bins  which  possessed  a  nominal  capacity 
of  342  tons,  from  the  shoots  of  which  the  ore  could  be  trucked 
direct  to  the  mill.  In  1900,  on  an  output  of  74,750  tons,  hoi:ting 
cost  8"838(/.  per  ton  and  ore-breaking  \s.  2'2i^d. 

At  the  Associated  the  cost  of  hauling  (charged  to  ore- 
extraction)  was  reckoned  at  ^s.  S'6sd.  per  ton  on  41,384  tons 
handled  in  the  year  ending  March  31,  1902. 

When  tarred  and  set  in  solid  blocks  of  concrete  (a  plan  the 
Author  employed  in  Queensland),  wooden  poppet-legs  are  perfectly 
safe  from  the  attacks  of  white  ants,  which  is  sometimes  put  forward 
as  an  objection  to  their  use. 

At  the  Lake  View  mine  the  four  posts  of  the  main  "frame- 
work "  are  set  vertical  and  strutted  with  back -struts ;  but  the  legs 
of  most  of  the  head-gears  are  spread  outward,  requiring  no  back 
"  struts  "  with  the  engine  set  close  to  them. 

As  fuel  and  condensed  water  are  both  expensive  items,  high- 
pressure  boilers  "  are  mostly  employed,  and  the  exhaust  steam  used 
to  be  generally  condensed  in  surface-condensers  of  the  Wheeler  class, 

*  The  "  waier'tnbe  "  boilers  nted  at  the  Associnted  mine  are  slated  to  Imvu  given 
satisfactory  results.  Animal  Rifort,  July  igoi. 
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Lately,  however,  other   forms   of  vacuum-condensers   have   been 
employed,  as  mentioned  in  the  preceding  chapter. 

Towards  the  end  of  1899  the  depths  which  the  principal  main 
shafts  had  reached  were  given  by  the  Statist  (Oct.  2 1)  as  follows  : — 


Associaled  G.  M.  Co..  Telley  sliaft  (Aus- 
tralia lease),  500  feeL 

Associated  G.  M.  Co.,  No.  4  shaft  ("  Ade- 
laide" lease),  700  feel. 

Chaffen,  500  feel. 

Golden  Horse-shoe,  505  feet- 
Golden  Linlt  Consols,  800  feet. 

Gieat  Boulder  Proprietoiy,  900  feet. 

Great  Boulder  Maia  Reef,  400  feet. 


Great  Boulder  Perseverance,  536  feet. 
Hannan's  Brown  Hill,  498  feet. 
Ivanhoe  (Patterson's),  500  feet 
Kllgurli,  420  feet  (winze  from  420  level 

snnk  to  520). 
Kalgoorlie  Mini,  500  feet. 
Like  View  and  Boulder  Junction,  607  feel. 
Lake  View  Consols,  5011  feet. 
Lake  View  South,  768  feet. 


The  depths  that  these  and  other  shafts  arc  reported  to  have 
attained  at  the  end  of  1900  (unless  otherwise  stated)  are  shown  in 
the  following  table  : — 


Great  Boulder  Main  Reef  G.  M.  Co.  (main  shaft) 

Kalgurli  G.  M.  Co.  (main  shaft) 

Lake  View  Consols  G.  M.  Co.  (main  shaft)  . 

Golden  Horse-sho:  Estates  (main  shaft) 

Golden  Link  G.  M.  Co,  (main  shaft)    . 

Great  Boulder  Proprietary  G.  II.  Co.  (main  shaft) 

Great  Boulder  Perseverance  G.  M.  Co.  (main  shafi) 

Hannan's  Star  G.  M.  Co.  (main  shaft) 

Do.                   (Donoughmore  shaft)     . 
Ivanhoe  G.  M.  Co.  (Patterson's  shaft) . 
Do.               (Drjsdale's  shaft)  . 
North  Boulder  G.  M.  Co.  (main  shaft) 
South  Kalgatli 

Assotiated  G.  M,  Co.  (Jndd's  shafi)     . 
Do.  (Telley's) 


1900 

goo    0 

Sept.  30 

660  0 

J"iy3i 

700    o' 

Aug.  3" 

730    ot 

Dec  31 

930  0 

Dec.  31 

M9    0 

Dec  31 

700  0 

Dec.  31 

471    5 

Dec.  31 

4^3      2 

Dec  31 

S73    oX 

Dec  31 

5*5    0 

Dec  31 

548    oS 

Dec.  31 

614    oil 

Sept  30 

1901 

708    61 

March  3 

611     0 " 

March  3 

*  Un  Aufiust  31,  1901,  [his  shaft  had  reached  a  depth  of  971  feel,  and  was  down  to 
1000  feel  in  September,  when  driving  was  commenced.  Il  bad  reached  1127  feet  at  the 
end  of  March  1902.  t  Total  depth  December  31,  1901,  830  feel. 

t  Total  depth  December  31,  1901,  731  feel.  %  Since  sunk  to  648  feet. 

li  Sept.  30,  1901,  723  feel.  1  Since  sunk  to  1073  feet,  March  31,  1901. 

**  Tenders  called  to  sink  another  Zoo  feet  in  Septembei  I901  ;  Maich  31,  190Z,  depth 
822  feet. 
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Writing  on  August  3rd,  1901,  the  manager  of  the  Golden  Link 
mine,  referring  to  No.  3  shaft  (i2  feet  by  4  feet  6  inches  in  the  clear), 
said  it  should  be  sunk  to  the  1080  feet  level  as  soon  as  pos- 
sible, and  in  order  to  carry  out  this  work,  he  proposed  to  install  a 
iirst-motion  winding^engine  and  two  boilers,  of  similar  design  to 
the  plant  at  the  main  shaft,  but  with  20-inch  cylinders  instead  of 
1 6-inch,  and  5-fect  stroke  instead  of  4-feet,  to  ensure  rapid  hauling 
from  a  depth  of  2000  feet,  as  it  would  be  false  economy  to  put 
in  a  smaller  engine  and  have  to  replace  it  with  a  larger  one  in 
two  or  three  years'  time.  He  added :  "  The  cost  of  machinery 
and  boilers  is  considerably  greater  than  it  was  when  the  wind- 
ing plant  at  our  main  shaft  was  procured,  and  I  estimate  the 
total  cost  of  purchase,  transport,  and  erection  of  winding-engine, 
two  boilers  and  stack,  including  two  lengths  of  steel  wire-rope 
l{^-inch  diameter  and  2000  feet  long  each,  and  also  two  pit-head 
pulleys  10  feet  in  diameter,  but  not  including  new  poppet-head  gear, 
at  4600/." 

This  plant  would,  it  is  stated,  form  the  principal  hoisting 
machinery  for  supplying  the  reduction  works.  Being  the  deepest 
shaft  but  one  (the  Great  Boulder)  on  the  field,  these  particulars 
may  be  of  interest. 

At  the  end  of  July  1901  the  Golden  Link  main  shaft  (10  feet 
by  4  feet  in  the  clear)  was  down  to  lioo  feet,  and  the  Great 
Boulder  Proprietary  to  137 1  feet  6  inches,  these  being  the  greatest 
depths  reached  on  the  field  up  to  that  date.  A  British  Austral- 
asian cablegram  of  October  g,  1901,  said  ;  "  On  the  Great  Boulder 
Proprietary  Company's  mine  at  the  1400-feet  level,  the  bore  has 
-  cut  the  lode  lOO  feet  west  of  the  shaft.  At  the  point  of  inter- 
section, it  is  7  feet  wide,"  and  assays  28  dwt.  to  the  ton.  The 
discovery  is  of  immense  importance,  as  demonstrating  the  continu- 
ance in  size  and  value  of  the  Kalgoorlie  lodes  in  depth.  Cross- 
cutting  at  the  1300-feet  level  has  been  commenced."  According 
to  a  cable  dated  October  31,  the  1200-feet  level  was  opening  up 
splendidly,  both  faces  showing  values  equal  to  any  of  the  higher 
levels.  At  the  end  of  igoi,  the  total  depth  of  this  shaft  was 
1431  feet ;  and  at  the  end  of  1902  it  had  reached  over  1600  feet 
in  depth. 

It  must  be  confessed  that  the  depths  of  the  majority  of  the 
shafts,  considering  the  age  of  the  field,  are  by  no  means  extra- 

*    Four  feet  o[  schist  assaying  5  dwt.  per  toD,  and  6  feet  of  quartz  asaayinf;  38  dnt. 
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ordinary,  and  some  properties  would  undoubtedly  have  benefited 
by  more  energetic  sinking  ;  but,  notwithstanding,  various  mines  in 
the  early  days  of  the  field  were  able  to  block  out  reserves  of  ore 
considerably  in  advance  of  their  mill  capacity,  and  they  no  doubt 
awaited  a  settlement  of  the  water  and  sulphide  difficulties  before 
inaugurating  a  more  active  policy  of  development, — since,  although 
it  would  probably  have  benefited  their  "  shares  "  from  an  invest- 
ment point  of  view,  a  large  sum  of  capital  would  thus  have  been 
temporarily  locked  up. 

On  the  other  hand,  the  effect  of  developing  large  reserves  of 
ore,  without  having  the  machinery  necessary  to  deal  with  a  corre- 
spondingly large  output,  would  assuredly  have  resulted  in  an  early 
demand  for  the  immediate  installation  of  sulphide  -  reduction 
machinery,  regardless  of  the  difficulties  which  faced  its  erection  ; 
and,  consequently,  vastly  larger  sums  of  capital  would  probably 
have  been  thrown  away  on  unsuitable  "  plant "  than  have  been 
actually  lost  in  this  manner,  to  the  detriment  of  the  field,  and 
investors  in  West  Australian  mines. 

The  chief  cause  operating  against  deep-sinking,  however,  was 
undoubtedly  the  fear  lest  these  deposits  should  prove  to  "peter 
out"  suddenly  in  depth,  and  people  were  afraid  of  spoiling  a  good 
show,  and  ruining  the  market  at  the  time  being,  by  running  risks 
on  mining  chances  (which  are  liable  to  be  fickle  though  they  may 
seem  most  fair),  sooner  than  circumstances  compelled  them  to  do. 

Interesting  no  doubt  from  a  general  mining  stand-point  as 
proofs  r^arding  the  permanency  or  otherwise  of  the  "  telluride 
formations"  in  depth  might  be,  in  all  probability,  no  one  felt  par- 
ticularly anxious,  individually,  to  face  either  the  "bulls"  or  the 
"  bears  "  in  the  Stock  Exchange  arena  earlier  than  was  absolutely 
necessary,  and  not  unnaturally  perhaps  preferred  to  leave  that 
honour  to  somebody  else ! 

Like  many  other  engineers,  the  Author,  after  seeing  the  de- 
velopments of  most  of  the  principal  mines  of  the  Field  in  1898, 
felt  but  little  doubt,  upon  geological  grounds,  as  to  their  imme- 
diate future ;  familiarity,  however,  with  the  risks  run  in  opening 
up  ore-deposits  in  new  fields,  instead  of  breeding  contempt  (as  many 
kinds  of  risk  do),  has  generally  exactly  the  opposite  effect  on  the 
large  majority  of  people  brought  in  close  contact  with  them  ;  which 
no  doubt  explains  the  general  hesitation  there  was  at  first  to  sink. 

Mr,  Hamilton,  M.  Inst.  M.M.,  of  the  Great  Boulder  mine,  and 
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other  managers,  however,  with  commendable  nerve,  in  the  belief 
that  the  "  formations  "  would  hold  down,'  led  the  way  where  others 
feared  to  tread,  for  which  they  are  now  reaping  well-deserved  credit 
Had  they  been  mistaken,  however,  it  would  have  blackened  more 
than  one  professional  reputation  for  a  decade  at  least,  and  as  the  re- 
ward of  their  enterprise,  they  would  assuredly  have  been  anything 
but  blessed  by  some  unreasonable  people,  who  crop  up  like  daisies, 
as  a  matter  of  course,  if  their  hopes  happen  to  be  disappointed. 

Judging  by  my  own  experience,  shareholders  in  mines,  as  a 
rule,  treat  their  engineers  with  every  possible  consideration,  but 
when,  not  unnaturally  perhaps,  irritated  by  want  of  success — if 
I  may  be  excused  for  saying  so  under  the  circumstances — they 
are  apt  at  times,  perhaps,  to  forget  that  engineers  are  neither 
responsible  for,  nor  always  able  to  forecast  the  vagaries  of  ore- 
deposits.  This  is  unreasonable,  because  people  who  go  in  for  mining 
must  be  well  aware  of  the  speculative  risks  with  which  it  is  sur- 
rounded ;  but  it  is  these  very  risks  that  allow  of  corresponding 
chances  of  large  profits,  which  are  its  chief  attraction  to  people  who 
are  in  a  position  to  speculate.  All  that  the  mining  engineer  can  do 
is  to  place  the  actual  facts  before  his  employers,  and  take  every 
precaution  to  reduce  the  inevitable  risks  to  the  smallest  possible 
dimensions. 

It  is  manifestly,  indeed,  to  the  interest  of  investors  in  mines, 
and  purchasers  of  mining  property  in  particular,  to  know  the  true 
state  of  things,  whether  palatable  at  the  moment  or  not ;  and 
engineers  act  wisely  in  refusing  to  forecast  events,  unless  they  have 
the  necessary  data  upon  which  to  form  an  opinion  ;  a  view  that  is, 
I  believe,  gaining  ground  in  commercial  circles, 

Shajt  Dimensions,  Speed  and  Cost  of  Sinking,  etc.,  compared 
with  other  Districts: — Mr.  E.  S.  Simpson f  states,  that  the  main 

*  In  this  conoectioii  it  is  interesting  to  note  tbat  the  Great  Boulder  had  reached  a 
depth  of  tooo  feet  in  June  1900 ;  whiUt  in  a  report  dated  July  20,  igoi  {Financial  Timu, 
August  29,  1901),  the  manager  of  the  Golden  Link  reported  llmt  at  502  feet  south  of  the 
main  shaft  at  the  930  feet  level,  "  the  feather  edge  of  a  new  lap  ol  ore  starts  to  come  in 
on  the  east  side  of  the  lode,"  adding,  "there  is  a  narrow  streak  6  inches  wide  of  heavy 
pyrilic  ore  on  the  foolwall  ade  of  the  new  lap,  which  in  the  face  (505  feet)  is  vi'orth 
slightly  over  5  oz.  of  fine  gold  per  ton.  What  this  lap  will  eventualljr  prove  to  be  I 
cannot  say,  but  at  present,  appearances  are  distinctly  favourable.  The  length  of  ore 
driven  on  within  our  east  boundary  at  Ibis  level  gives  promise  of  excellent  results  at  the 
loBo-foot  level." 

t  Discussion  of  Mr.  Bancroft's  paper.  Trans.  Am.  Jnil.  0/  Mining  Engineer!,  vol. 
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shaft  of  the  Associated,  12  feet  6  inches  by  4  feet  6  inches  section, 
was  sunk  32  feet  through  hard  diorite  in  one  week  ;  and  I  am  told 
that  the  Lake  View  and  Boulder  Junction  shaft  was  put  down 
between  the  200  and  520  feet  levels,  at  an  average  of  60  feet  a 
month  under  Mr.  Frank  Grace,  the  best  sink  being  44  feet  in 
12  days.  These,  so  far  as  I  know,  are, about  the  highest  records 
that  can  yet  be  shown  ;  but  as  a  rule,  it  may  be  said  (when  compared 
with  the  Rand,*  and  even  with  other  places  in  Australia)  the  speed 
in  shaft-sinking  is  not  very  rapid. 

Whilst  reasons  that  may  have  accounted  for  this,  in  the  early 
days  of  the  field,  have  already  been  explained,  the  slow  rate  of 
sinking  that  has  obtained,  was  doubtless  to  some  extent  due  to 
want  of  skill  on  the  part  of  some  of  the  men  employed,  few  of  whom 
possessed  experience  in  "machine-work  "  ;  and  may  also  be  partly 
attributable  to  the  "  blue-ground  "  being  no  doubt  harder  to  drill, 
and  not  such  good  breaking-ground,  as  the  quartzite  and  sandstone 
formations  of  the  Rand  ;  added  to  which  the  comparatively 
small  size  of  the  principal  shafts  at  Kalgoorlie  militated  against 
record  speeds.  They  were  most  frequently  (unless  mere  prospecting 
shafts,  which  are  mostly  8  feet  by  4  feet)  10  feet  by  4  feet  inside 
lining- timbers,  and  an  ordinary  contract  price  for  sinking  and 
timbering  (covering  labour  only),  was  about  5/.  a  foot 

The  Author  is  informed  that  the  contract  price  for  sinking  shafts 
(10  feet  by  4  feet  up  to  12  feet  by  4  feet)  in  1897  might  be  usually 

*  The  rate  of  sinkiog  in  Soulh  Africa  in  the  outcrop  mines  raoged  us  b  nile  from  6o 
to  96  per  moDlb,  but  as  tuEh  a,  nle  as  14)  feet  a.  month  sunk  (using  machine- drills)  and 
147  feet  timbered,  was  reached  ia  December  1896,  in  the  V<^eIstraiB  Deep  3-coinpait- 
meat  vertical  shaft ;  whilst  in  Jul^  1S97  the  Clement  sbaA  (5-compaitment)  of  the 
South  Rose  Deep  was  sunk  156  feel  with  hand  labour,  and  timbered  147  feel;  anil 
the  Angelo  Deep  (4-compaitnient]  West  shaA  was  put  down  164  feet  and  timbered 
150  feel  in  August;  the  drilUng  being  done  by  hand.  The  highest  record  of  anf 
belongs  however  to  the  Howard  deep-level  shaft  of  the  Consolidated  Gold  Fields 
(where  303  feet  were  sunk  in  one  month],  and  the  Mowaid  and  Catlin  shafts  averaged 
for  12  months  146J;  and  145I  feet  a  month,  respectively.  It  seems  therefore  safe  10 
assume  that  120  feet  a  month  or  more,  including  cutting  pump-stations,  may  be  looked 
upon  as  a  safe  average  rate  on  the  Rand  in  the  future  (down  10  a  depth  of  3000  to 
3000  feet),  and  the  cost  may  be  taken  at  about  zz/.  per  foot.  In  a  deep  Queensland 
shaft  the  Author  has  made  speeds  in  hard  Charters  Towers  syenite  varying  from  63  feet 
to  73  feet  per  month  timbered,  at  a  cost  of  about  1 1/.  loi.  dd.  3.  foot,  including  hoisting 
charges,  air-supply  and  everything.  This  shift  was  laid  out  and  started  14  feet  ^\  inches 
by  3  feet  6  inches  inside  before  I  took  charge  ;  had  it  been  a  handier  shape,  the  above 
speeds  could  probably  have  been  exceeded.  The  sinking  of  deep  level  shafts  on  the 
Witwatersrand  has  been  very  fully  and  admirably  described  by  T.  H.  Leggett, 
M.  Inst.  M.Mt  Trans.  Am.  Init.  ef  Mining  Enginars,  vol.  iii. 
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reckoned  according  to  size,  etc.,  at  5/.  to  7/.  per  foot.  Mr.  Hoover 
gave  the  cost  of  shaft-sinking  in  1898  as  $30  (6/.)  to  $60  {12/.) 
per  foot  (including  timber)  ;  the  average  for  12  feet  by  4  feet  shafts 
being  $35  (7/.).*  The  Author  believes  that  in  most  cases  at  the 
present  time  about  5/.  per  foot  may  be  reckoned  for  labour,  tools, 
etc.,  30J.  for  cutting  plats,  air  and  haulage,  and  lar.  to  22s.  for  ex- 
plosives ;  allowing  therefore  3/.  for  timber  and  timbering  and  I2J. 
for  general  costs,  the  total  would  come  to  about  10/.  12s.  or  12/.  a 
foot,  if  other  development  work  is  in  progress.t 

At  the  Ivanhoe  mine  the  shafts  run  up  to  13  feet  by  J  feet,t; 
timbered  with  Karri,  jo^led  at  the  ends.  The  cost  of  sinking 
12  feet  by  4  feet  shafts  with  machines  was  given  me  by  Mr,  Hewit- 
son,  in  1899,  as  jl.  lOr.  per  foot,  and  the  average  rate  of  sinking  as 
42  feet  per  month. 

At  the  Great  Boulder  mine,  Mr.  Hamilton  informed  me  the  cost 
for  labour  only,  in  shaft-sinking  with  rock-drills,  in  shafts  10  feet  by 
4  feet  in  the  clear  (inclusive  of  labour  timbering)  ranged  from  5/. 
to  7/.  per  foot  in  1899,  and  the  rate  of  sinking  reached  about 
40  feet  a  fortnight.  The  timbering  consists  of  8  feet  by  2  feet 
sawn  timber  (Salmon-gut  or  Jarrah)  joggled  at  intersection  of  ends 
and  centres,  with  2  inch  spaces  between  the  sets. 

The  North  Boulder  mine  No.  3  or  main  shaft,  which  is  1 1  feet 
by  4  feet,  divided  into  two  4- feet  hoisting  compartments  and  a  3-feet 
ladder-way,  down  to  400  feet,  cost  4/.  15^.  a  foot,  not  including  of 
course  timber,  tools,  and  general  charges  for  air  and  steam.  Below 
the  450  feet  level  it  has  been  enlai^ed  to  1 2  feet  by  4  feet,  and  was 
sunk  to  a  depth  of  548  feet  in  1899;  the  last  17S  feet  cost  on 
the  average  6/.  5j'.  6\d.  per  foot,  including  contractor's  wages  and 
supplies,  timbering  and  mullocking,  and  cutting  plats.  The  greatest 
speed  attained  in  any  one  month  was  43  feet. 

It  will  therefore  be  seen  that,  although  the  rate  of  sinking  at 
Kalgoorlie  is  slow  (and  one  reason  for  this  has  been  that  sinking 
and  development  have  generally  gone  on  concurrently),  these  small- 

•  Etig.  and  Mining  Journal,  December  17,  1898.  In  Mineral  Induttry,  vol.  vL 
P-335,  Mr.  Hoover  menlions  that  at  Menzies,  inn]uctihard«[rock,theco5tisBbont(9loo] 

30/.  per  foot,  and  in  Ihe  Eaal  Murchisoit  District  as  much  as  (9l35)  35/.  pei  foot. 

t  If  sinking  alone  is  going  on,  it  may  cost  between  13/.  and  14/,  per  foot. 

t  Pattereon's  shaft  below  the  500-feet  level  has  been  increased  to  13  feet  by  5  feet ; 
when  connection  is  made  with  Diysdale's  shaft  it  will  be  stripped  to  the  surface,  at  the 
altered  size,  so  as  to  admit  of  larger  cages  carrying  all-round  tipping  trucks  of  16  cubic 
feet  capacity. 
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size  shafts  are  far  less  expensive  to  sink  and  equip  than  those  of 
the  Rand,  where  many  of  the  main  shafts  have  cost  from  17/.  to 
28/.  12^.  per  foot,  and,  when  much  water  has  been  met  with,  to  as 
much  as  41/.  %s,*  an  outlay  justified,  however,  by  the  paramount 
necessity  that  exists  often  on  the  Witwatersrand,  to  provide  for 
large  outputs  and  to  open  up  a  lai^e  area  of  ground  in  depth  from 
a  single  shaft  with  the  utmost  possible  speed  ;  whilst  in  laying  out 
these  deep  shafts  it  is  necessary  to  provide  space  to  allow  of  proper 
ventilation,  as  well  as  to  give  room  for  air-pipes,  etc.,  in  the  pump 
and  ladder-ways. 

Some  of  the  West  Australian  shafts  are  "  box-lined "  for  the 
sake  of  cheapness,  like  most  Queensland  shafts;!  in  other  cases, 
as  at  Lake  View,  where  the  ground  is  perhaps  heavier,  "  square- 
set  "  timbering  is  used,  with  "  lagging  driven  behind  the  wall  and 
end  plates." 

The  small  area  of  West  Australian  leases,  and  the  fact  that 
several  shafts  have  been  put  down  on  many  of  them,  also  accounts 
in  some  measure  for  the  divei^encies  in  practice  in  one  locality  as 
compared  with  another,  upon  the  merits  of  which  I  will  not  attempt 
to  offer  an  opinion,  as  they  depend  on  financial  considerations,  and 
other  circumstances  which  vary  in  each  individual  case. 

Whilst  record  speeds  are  liable  to  entail  record  costs,  it  may  be 
said  in  a  general  way,  that  whatever  the  size  of  the  shaft  may  be, 
the  quicker  it  is  sunk  with  a  given  party  of  men,  the  cheaper  the  cost 
per  foot  will  work  out ;  and,  therefore,  the  attainment  of  the  highest 
possible  rate  of  speed,  that  the  local  conditions  in  each  case  admit 
of,  is  a  matter  of  the  first  importance. 

The  vertical  dip  of  the  "  formations,"  and  the  irregularity  of  the 
ore-bodies,  do  not  favour  incline-shafts,  though  in  some  instances 
the  lode  formations  have  been  followed  for  some  distance  on  the 
underlay,  as  for  example  in  the  main  incline-shaft  at  Hannan's 
Brown  Hill. 

Hoisting,  Cages,  Plats  and  Pumps.— Owing  to  the  small  size 
of  the  shafts,  the  average  weight  of  ore  generally  raised  at  each 
hoist  was  formerly  only  about  7  cwt. ;  the  hoisting  is  done  at 
Kalgoorlie,  as  at  Charters  Towers  and  elsewhere  in  Australia,  in 

•  '  Deep-level  Shifu  of  the  Wilwaterstand,"  by  T,  H.  Leecetl,  M,  Inst.  M.M.,  Trans. 
Am.  Intt.  tf  Milling  Engineers,  yo\.  x»x.  The  Bveroge  cost  for  a  shaft  3000  to  3000  feet 
deep  may  be  estimated  ax  22I,  per  fool. 

t  The  shaft  *t  Charters  Towers,  leferied  to  in  ihe  previou*  footnote,  cost  1/.  13/,  jj. 
per  foot  "  close'limbcred,"  for  hardwood  (including  bearer -sets  every  50  feet,  and  wedges) 
as  well  as  labour  in  preiiaring  the  timber. 
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single-deck  cages.  In  collieries  there  is  no  doubt  that  hoisting 
with  multipledeck  cages  possesses  distinct  advantages,  but  in 
metal  mines,  it  is  questionable  whether  in  a  suitably-arranged 
shaft,  with  underground  "  plats  "  for  storage,  self-dumping  "  skips," 
such  as  are  mostly  employed  on  the  Rand,  are  not  preferable  to 
cages,  saving  dead-weight  and  time  in  handling,  both  undei^round 
and  by  the  "  brace-men."  Skips  in  incline-shafts  are  mounted  on 
wheels ;  the  large  size  skips  generally  have  a  capacity  of  20  to  60 
cubic  feet  or  more  {an  ordinary  load  on  the  Rand  averaging  about 
3  tons).*  In  vertical  shafts  smaller  skips  are  carried  on  frames, 
running  upon  the  shaft-guides,  and  usually  possess  a  capacity  at 
Johannesburg  of  about  30  cubic  feet.  One  advantage  of  a  skip- 
road  is  that  a  "  water-tank  "  can  be  easily  employed  for  baling  it 
there  is  no  great  quantity  of  water  to  be  raised,  and  skips  are  ot 
course  indispensable  if  a  shaft  turns  off  from  the  vertical  on  to  the 
underlie. 

The  single-deck  cages  used  in  Western  Australia,  which  carry 
the  trucks,  are  fitted  with  the  ordinary  safety  appliances  and  hooks 
to  prevent  overwinding,  and  are  usually  balanced  in  the  two  hoisting 
compartments  of  the  shaft  by  leading  the  winding-ropes  over  one 
drum  of  the  engine  and  under  the  other. 

The  end-tipping  steel  trucks  used  underground  in  some  mines 
measure  only  8  cubic  feet  (holding  6  to  7  cwt.,  according  to  the  size 
to  which  the  stone  is  broken  and  the  way  the  truck  is  filled,  with  a 
"  tare  "  of  about  2j  cwt.) ;  in  other  cases,  however,  the  trucks,  as 
in  the  Great  Boulder  mine,  have  a  capacity  of  13  cubic  feet,  and 
contain  three-quarters  of  a  ton  or  more,  which,  from  the  point 
of  view  of  economy  in  haulage  and  transport,  is  a  step  in  the  right 
direction  ;  the  pattern  I  saw  in  use,  however,  in  one  or  two  mines, 
struck  me  as  somewhat  cumbersome,  and  likely  to  give  trouble  in 
handling  on  "flat-sheets,"  or  if  a  truck  became  derailed  in  a 
level. 

At  the  various  levels,  "  plats  "  are  "  chambered  out "  the  height 
of  the  "  opening-out  set "  for  the  full  width  of  the  long  side  of  the 
shaft,  and  carried  straight  in  or  sloped  up  from  the  drive,  which  is 
commenced  about  20  feet  or  so  beyond.  In  .some  of  the  larger 
mines  "the  floor  is  boarded  and  covered  with  flat-sheets,  and  (as 
shown    in    the   accompanying   illustration,  Fig.  30,  taken  under- 

•  In  some  of  the  deep-level  mines  skips  of  similor  capacity  have  a  lare  of  atout 
ai  tons  i  loadi  of  5  to  6  ions  will,  no  dout  t,  be  hoisted  in  the  fulnre  in  the  deep  TerliGol 
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ground  in  the  Lake  View  Consols,  which  shows  a  landing-place 
of  the  kind)  they  are  lighted  with  electric  glow-lamps ;  in  other 
cases,  with  oil-lamps.  Plats  of  this  kind  (i2  X  12  feet)  cost  about 
S/.  to  7/.  a  foot.  Pumps  are  but  little  needed,  it  being  generally 
possible  to  dam  back  most  of  the  water  which  comes  from  the 


F[G.  30.— "Pl.*t,"  2(x>-Fbet  Levei,  Lake  View  Consols. 

surface  in  the  upper  levels,  and  syphon  it  off  into  skips  or  water- 
tanks.  Nasty  sores  are  caused  if  men  are  much  exposed  to  the 
salt  underground  waters. 

Air-Cotnpressors  and  Rock-Drills. — In  the  soft  upper  ground 
hand-labour  was  necessarily  extensively  employed.  In  the  hard 
igneous  rocks  at  a  greater  depth  machine-work  is,  however,  un- 
doubtedly, not  only  the  cheapest,  but  has  become  necessary  for 
making  rapid  progress,  although  its  schistose  and  jointy  nature  at 
times  gives  trouble  with  the  drills  "  fitchering."  These  facts  explain 
why  the  introduction  of  machine-work  on  the  field  has  not  been 
more  universal,  and  appears  to  have  been  somewhat  backward. 

The  Associated  Gold  Mine  was  formerly  equipped  with  a  large 
Rand  compressor  at  Judd's  shaft  and  a  small  Ingersoll-Sergeant 
machine  at  Tetley's,  but  the  company  subsequently  erected  a  very 
fine  new  60-drill  air-compressing  plant,  built  by  Walker  Bros.,  at 
their  main  shaft 
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The  Lake  View  mine  was  originally  provided  with  a  compound 
air-compressor  of  22-driU  capacity,  with  !7-inch  and  27-inch  steam 
cylinders,  lS~inch  and  28-inch  air  cylinders,  4-feet  stroke,  and 
Reidler  valves  ;  which  was  supplied  with  steam  by  Babcock  and 
Wilcox  boilers  at  125  lb.  per  square  inch.  A  new  30-drill  Rand 
compressor  was  erected,  however,  in  1901,  by  which  the  air- 
compressing  plant  was  duplicated. 

The  Great  Boulder  mine  plant  originally  consisted  of  one  duplex 
8-drill  compressor  ;  subsequently  two  compound-steam  duplex-air 
l2-dril!  compressors  were  erected;  in  1901  an  iS-drill  air-com- 
pressor, with  condensing  machinery,  was  installed  at  the  main  shaft. 

The  Ivanhoe  mine  plant  originally  consisted  of  a  12-drill 
Ingersoll-Sergeant  type  compound  steam  and  air  compressor,  with 
piston-inlet,  and  Corliss  valve-gear;  steam  cylinders  13  inches  and 
22  inches;  air  cylinders  lli  inches  and  i8i  inches;  with  a  42- 
inch  stroke.  The  air  being  delivered  to  a  24-feet  by  6-feet  6-inch 
diameter  "receiver,"  of  |-inch  steel  at  80  lb.  pressure,  and  con- 
veyed by  4-inch  pipes  below  ground.  In  1901  a  new  20-drill 
Rand  air-compressor  was  erected,  with  three  Cornish  boilers,  con- 
densers, etc. 

The  ordinary  air-pressure  used  at  most  of  the  mines  varies 
from  70  to  80  lb.  per  square  inch  ;  but  there  seems  no  reason  why, 
given  suitable  machinery,  higher  pressures  of  90  to  lOO  lb.  should 
not  be  employed  to  accelerate  speed. 

At  the  North  Boulder  the  plant  consists  of  a  lo-drill  Rand  air- 
compressor,  and  Ingersoll-Sergeant  drills  are  used  undei^round  ; 
the  plant,  including  boilers  complete,  cost  (including  freight  and 
insurance)  about  3900/.,  erected  and  housed. 

Rand  3j-inch  and  Ingersoll-Sergeant  3i-inch  drills,  are  most  in 
favour  on  "  the  field,"  the  latter  giving  very  satisfactory  results  ; 
but  Mr.  Hamilton  informed  me  that  at  the  Great  Boulder  they  used 
both  "  Ingersoll-Sergeant,"  and  "  Bendigo  "  3i-inch  machines,  and 
find  them  equally  efficient.  It  is  stated  •  that  an  electric  drill  has 
been  tried  at  the  Perseverance  with  satisfactorj-  results,  requiring 
only  2  horse-power  to  drive  it  compared  with  say  1 2  horse-power 
for  an  ordinary  air-drill. 

I  have  no  information  as  to  whether  the  "Climax,"  which  is 
largely  employed  in  India,  or  other  types  of  drill  in  use  elsewhere 
have  been  tried.  Compressed  air  is  used  to  operate  air-winches 
*  Letter  of  the  correspondent  of  the  Financial  Times,  dated  April  iz,  1902. 
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and  small  pumps  underground  at  times,  but  pumps  ; 
to  operate  in  this  way. 


Drives  and  Levels. — In  most  of  the  mines  the  ordinary  levels  are 
run  7  feet  by  5  feet,  but  they  are  frequently  much  wider,  and  are 
driven  at  intervals  of  100  feet  or  less,  connected  by  "rises"  and 
"winzes,"  but  in  many  instances  the  winzes  are  sunk  straight  and 
are  not  kept  to  the  underlay  of  the  ore-bodies  ;  "  passes  "  4  feet  by 
4  feet  in  the  clear  are  put  up  generally  about  every  Jo  feet,  timbered 
with  8-inch  by  2-inch  sawn  timber,  and  closed  at  the  bottom  with 
sliding  doors. 

In  machine-drilling,  about'  18  holes  are  drilled  in  the  face  to  a 
depth  of  4  feet  or  so,  the  centre-cut  holes  converging,  and  the  outer 
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ones  radiating  at  an  angle  outwards,  so  as  to  "square-up"  the 
"face,"  in  the  usual  manner  ;  3 J-inch  and  3i-inch  " star,  or  cross- 
bits  "  are  used  in  driving  in  the  "  formation  "  ;  and  chisel-edge  bits 
in  cross-cutting. 

The  employment  of  machine  drills  increases  speed,  but,  accord- 
ing to  various  managers,  makes  little  difference  in  cost  per  foot. 
The  accompanying  illustration,  Fig.  31,  shows  the  face  of  the  200- 
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feet  level  of  the  Lake  View  Consols  mine  in  course  of  being  driven 
by  rock-drill ;  Fig.  32,  a  level  and  "face  "  of  rich  telluride-ore  ;  and 
Figs,  33,  34  and  35,  views  of  some  of  the  levels  in  the  Golden 
Horse-shoe,  which  I  have  kindly  been  permitted  by  the  Company 
to  reproduce. 

Drives  of  ordinary  size,  7  feet  by  J  feet,  used  to  cost  $11 
(2/.  $s.  lod.)  to  $16  (3/.  6s.  Zd.),  according  to  Mr.  Bancroft ; 
Mr.  Hoover  estimated  the  cost  of  driving  and  cross-cutting  in  i8g8 
at  from  2/.  to  61. 


The  cost  of  driving  levels  in  the  softer  oxidbed-formation  by 
"  hand  "  of  late  years,  however,  I  believe  may  be  reckoned  at  i/,  t,s. 
to  l/.  l$s.  per  foot,  and  can  be  done  for  less  than  20s.  in  soniecases. 
In  the  deeper  harder  ground,  the  cost  of  driving  with  machines 
generally  comes  to  about  2/.  loj.  per  foot,  including  explosives 
and  sharpening  drills;  but  under  favourable  circumstances  levels 
can  be  driven  on  contract  (the  contractors  finding  all  supplies  and 
doing   their  own  trucking)   for  i/.   i8j.  upwards.     At   one  mine, 
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according  to  Mr.  H.  F.  Bulman,*  they  used  to  give  a  bonus  to  each 
man  of  i/.  per  week  if  16  feet  was  exceeded,  whilst  2/.  a  foot  extra 
was  paid  in  another  case  for  rates  exceeding  19  feet  a  week.  Mr. 
Bulman  mentions  that  a  cross-cut  7  feet  by  5  feet  at  the  300-feet 
level  was  driven  40  feet  in  a  fortnight  by  6  men  {2  per  shift)  with 
machines,  doing  their  own  trucking  to  the  shaft  500  feet.  He  adds 
that  in  levels  in  hard  sulphide  ore,  I2  feet  a  week  is  considered  a 
fair  rate  of  speed  with  three  pairs  of  men,  drilling  by  hand. 

I  was  informed  by  Mr.  Hewitson  that  at  the  Ivanhoe  mine,  in 


1899,  they  reckoned  85  feet  an  average  rate  of  prepress  per  month, 
in  levels  driven  with  machines,  and  lOO  feet  has  been  driven  in  hard 
ground!  '"  the  North  Boulder  mine.  Mr.  Hamilton,  at  the  Great 
Boulder,  puts  the  average  length  of  holes  drilled  per  shift  at  about 
50  feet,  varying  with  the  rock.  It  will  be  seen,  therefore,  that  the 
speed  of  driving,  as    might  be   expected,  compares   much  more 

■  'The  Kalgoorlie  Gold  Mmes,  Western  Auslralia,'  by  VV.  F.  Bulman,  Trans,  /nil. 
ttf  Mining  Eagiaiers,  vol.  xxvii. 

\  July  S  lo  August  9,  1901,  in  No.  6  level. 
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favourably  than  shaft-sinking  with  the  Rand,  where  the  average 
rate  of  pr<^res5  in  driving  levels  with  machines  is  stated  to  be 
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between  70  and  100  feet  a  month  ;  *  but  existing  rates  might  pro- 
bably be  improved  upon  in  Kalgoorlie  by  adopting  a  squarer 
section  of  drive  with  its  greatest  width  in  the  middle  {6^  feet  high 
by  6  feet  wide  for  a  single  traclc,  or  7  to  8  feet  high  and  9  to  !0  feet 
wide  for  a  double  track) ;  and  giving  greater  attention  to  the  method 
of  placing  the  holes,  so  as  to  obtain  the  same  effect  with  a  smaller 
number,  say  fourteen, — the  "face"  being  apt  to  be  "burnt  out" 
instead  of  being  properly  blasted  out,  if  an  excessive  number  of 
holes  are  put  in. 

On  "The  Rand  "  the  prices  paid  for  driving  to  contractors,  who 
provide  labour,  explosives,  lights  and  lubricants,  and  shift  the  dirt 
back  from  the  face,  but  do  not  tram  it,  generally  runs,  it  is  said, 
from  35J.  to  47^.  6rf.  per  foot,t  which  is  cheaper,  on  the  whole,  than 
in  the  Kalgoorlie  district.  This  may  be  partly  owing  to  a  some- 
what higher  average  rate  of  speed :  in  the  one  field,  however,  you 
have,  no  doubt,  easier  ground,  and  cheap,  but  efficient  "  Kaflir 
boys "  ;  in  the  other  you  are  dealing  mostly  with  hard  igneous 
rocks  in  the  deeper  levels,  and  more  highly  skilled  but  much  more 
costly  labour,  although  explosives  are  less  expensive. 

Mr.  Hoover  t  in  1897  reckoned  that  about  80  per  cent,  of  the 
cost  of  driving  in  Western  Australia  was  paid  for  wages. 

£xfitosives.— These  consist,  principally,  of  gelignite,  blasting- 
gelatine  and  gelatine-dynamite, 

A  "ring"  in  dynamite  is  said  to  keep  up  the  price,  although 
it  certainly  costs  less  than  in  South  Africa,  where  the  dynamite 
monopoly  was  formerly  a  notorious  grievance,  blasting-gelatin  cost- 
ing 105J-.  and  dynamite  No.  i*  85J.  per  case  just  before  the  war;  § 
but  the  same  materials  could  be  purchased,  I  believe,  at  the  end  of 

*  Record  insluiMs  ooder  {avonnble  condilions  are  said  lo  reach  to  150  f«et.  Tie 
Kleriidarfi  Cold  Fields,  by  G.  A.  Denny,  M.Inst.  M.M.,  p.  2M.  H.  W.  Webb, 
M.Inst.  M.M.,  and  Pope  Yeatman,  M.  Irst.  M.M.,  reckon  Ihat  the  progress  in  single 
drives  wbere  one  machine  is  used  ruos  from  60  to  100  feet,  and  in  double  diives,  where 
two  drills  are  operated,  from  9a  to  I30  feet  per  month  ;  tbe  work  being  let  on  con- 
tract at  2/.  to  il.  loj,  per  fool  for  single  diives  and  3/.  to  3/.  \ot.  (or  double  drives ; 
the  contractor  supplying  labour,  candles  and  explosive*.  Enginferiag  Mc^aant,  April 
1S98,  p.  46. 

t  Tkt  Witwatersrand  Gold  Fields,  by  S.  J.  Tniscolt,  A.R.S.M.,  p.  292. 

t  The  Mineral  Industry,  vol.  vi.  p.  335. 

5  In  1896  the  eonsumpiion  of  nilTO-gljceriDe  explo«ves  {usually  referred  to  as  dyna- 
mite) in  the  Transvaal,  amouDted,  I  am  informed,  to  143,456  esses,  of  50  lb.  each ;  and 
the  importance  of  a  reduction  in  price  of  this  particular  article  may  be  gathered  from 
the  fact  that  in  1S9S  the  Robinson  Compmi}  alone  paid,  it  is  said,  34,532/.  for  its  supply, 
represent! ag  a  cost  of  2s.  T^d.  p«r  ton  milled. 
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igoi,  at  tjs.  6d.  and  6oj.  per  case  respectively  at  the  local  factory, 
as  compared  with  gfs.  6d.  and  y^s.  in  1899. 

The  ruling  prices  at  Kalgoorlie  were  given  •  in  the  earlier  days 
of  the  field  as  being,  for  dynamite  and  gelignite  3/,  6s.  gd. ;  gelatine- 
dynamite,  4/  IS.  ^d.;  and  blasting- gelatine,  4/.  13J,  per  case  of 
50  lb. ;  but  at  the  beginning  of  1900  I  am  informed  they  had 
fallen  to:  dynamite  and  gelignite,  3/.  is.  6d.  per  case;  gelatine- 
dynamite,  3/.  l6s.  6d. ;  and  blasting-gelatine,  4/.  8j.  6d.  There 
being  no  duty  on  dynamite,  taking  the  price  at  say  60/.  per  ton. 
f.o.b.  Glasgow,  freight  to  Fremantlef  at  12/.  per  ton  (Liverpool 
and  Hamburg),  and  charges  from  Freemantle  to  Kalgoorlie  at 
8/.  iar.,t  reckoning  40  cases  to  the  ton,  the  total  cost  per  case 
delivered  at  Kalgoorlie  would  work  out  at  2/.  os.  $d.  Gelatine  also, 
in  large  quantities,  costs  approximately,  I  understand,  at  present 
only  4ar.  per  case,  f  o,b.  English,  American,  or  Continental  ports. 
The  mining  companies  are  apparently,  therefore,  still  paying  for 
explosives  at  a  somewhat  heavy  rate  compared  with  the  price  at 
which  they  could  be  delivered. 

To  obviate  this,  it  has  been  suggested  that  the  companies 
m%ht  combine,  and  import  direct  to  a  central  dep6t,  from  which 
each  could  draw  its  supplies  as  required. 

It  may  be  added  that  the  cost  of  detonators  at  Kalgoorlie  in 
1900  could  be  reckoned  at  about  l/.  il^.  per  1000,  and  fuze  at 
3/,  6s.  per  100  coils. 

Timber. — Good  mining  timber  is  very  scarce,  and  whilst  native 
woods,  such  as  Jarrah  and  Karri,  which  are  found  along  the  coast, 
are  largely  employed  underground,  more  particularly  if  required  in 
long  lengths,  for  various  reasons  they  are  not  so  much  used  for 
general  purposes  as  Oregon  pine,  which,  I  was  informed,  in  1900 
cost  about  2ys.  6d.  per  hundred  at  Kalgoorlie. 

The  native  woods  are  brittle,  double  the  weight  of  pine,  shrink 
greatly,  and  are  very  difficult  to  work,  carpenters'  tools  requiring  to 
be  specially  tempered  for  the  purpose. 

Boards  (native  or  imported),  sawn,  cost  at  railway  stations 
I2s.6d.  to  i6s.  per  100  feet,§  "board-measure,"     In  the  Mulga- 

*  Financial  Tima,  '  A  Maoaget't  Vi«wi  on  the  General  Conditions.' 

t  The  cost  of  explosives  at  Fiemantle  in  igo2  is  given  in  Chapter  X. 

X  Railivaf  freight  aloDC,  in  September  1S99,  was  7/.  I2J.  7r/.  and  it  wasafterwards  taised 
(May  1902)  to  8/.  31.  9^.  per  ton,  Imt  has  since  been  retlnced,  a  rcbale  of  10  per  cent. 
being  granted  on  Auguti  4,  1902,  on  tcuckloads  consigned  to  one  consignee,  for  distances 
of  150  miles  or  over, 

§  Mr.  Bancioft  gives  as  high  a  price  as  (6*25  (26/.)  for  boards  per  too  feet  super- 
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bush,  sticks  8  feet  long  and  6  inches  in  diameter  are  difficult  to 
find,  and  are  charged  for  at  the  rate  of  id.  per  running  foot. 
Eucalyptus  is  said'  to  cost  about  6d.  per  running  foot  for  props 
10  inches  in  diameter,  but  on  the  average  the  price  a  short  time 
ago  might  be  reckoned  at  from  zjrf.  to  $d.  per  running  foot,  accord- 
ing to  size.  T.  and  G.  pine  6  inches  by  J  inches  costs  i6s.  per 
100  running  feet,  in  igcX". 

Slopes. — "Overhand  sloping"  and  rock-filling  is  the  method 
almost  universally  employed  in  removing  the  ore,  but  it  is  more 
than  probable  that  in  the  wider  ore-bodies  a  considerable  saving  in 
expense  might  be  effected  by  "  cross-stoping  "  them,  by  some  one  of 
the  systems  employed  in  mining  wide  deposits.t  The  only  other 
departure  from  ordinary  practice  that  has  come  under  the  Author's 
notice  is  the  plan  that  was  first  adopted  at  Lake  View,  of  running 
the  waste  tailings  from  the  cyanide-vats  through  surface-passes  into 
the  "  stopes  "  for  "  filling."  At  first  this  produced  an  injurious  effect 
on  the  men,  owing  to  the  cyanide  left  in  them,  the  fumes  of  which,  in 
badly- ventilated  parts  of  the  workings,  caused  the  miners  to  suffer 
from  dizziness.  To  overcome  this  trouble,  the  tailings  are  nowwashed 
with  water,  before  being  sent  undei^round ;  but  unless  washed  with 
a  cyanicide,  which  would  be  expensive  and  inconvenient,  it  seems 
open  to  some  question  how  far  this  treatment  ensures  absolute  safety, 
though  the  use  of  salt  water  is  no  doubt  more  effective  in  destroying 
traces  of  cyanide  than  fresh  water  would  be.  It  was  also  said,  in  the 
early  days  of  the  field,  that  in  some  instances  the  tailings  contained 
sufficient  gold  to  make  it  rather  an  expensive  matter.  Moreover, 
It  appears  doubtful,  unless  "  pack-walls,"  or  "  pig-styes  "  filled  with 
rock,  are  used  in  conjunction  with  "sand  packing,"  whether  the 
latter,  even  when  dry,  form  a  safe  "  filling  "  by  themselves  for  wide 
stopes,  although  they  are  reported  not  to  "run,"  as  freely  as  one 
would  expect  them  to  do.  The  dryness  of  the  stopes,  no  doubt, 
renders  this  method  more  practicable,  in  fact,  than  it  otherwise 
would  be,  as  there  is  less  danger  of  water  charged  with  cyanide  find- 
ing its  way  down  into  the  lower  levels,  or  of  the  tailings  shifting, 
than  would  be  the  case  in  a  wet  mine. 

If  tailings  can  be  safely  employed   on    a  lai^e   scale,  as  ex- 

ficial :  and  1 1  cents  [i\ii.)  per  ninmng  foot  fi>r  round  iticlu.  Of.  tit,,  p.  too.  In  the 
e»rly  days,  sawn  hardwood  i-inch  pluikj,  Toi  shart-lining,  cost,  I  believe,  M  much  u 
60X.  to  65J.  per  100  feet  superficial. 

■  H.  C.  Hoorei,  Eng.  and  Mining  Jmtmal,  Decembei  17,  1S98. 

t  "  Pyramidal  stoping"  bas  recently  been  introduced  at  the  Ivanboe. 
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perience  in  this  case  seems  to  show,  this  method  certainly  appears 
to  achieve  two  useful  objects  ;  getting  rid  of  surface  accumulations. 


Fig.  36. — "Stull"-Ttmbkriso,  Lake  View  Consols. 

which  on  leases  of  small  area  are  liable  to  block  them  up  incon- 
veniently ;  and  obviating  the  expense  of  driving  cross-cuts  to  quarry 
"  mullock  "  for  filling  undei^round,  as  sometimes  has  to  be  done.  I 
may  add  that  it  appears  probable,  that  one  of  the  directions  in  which 
mining  costs  will  be  most  cheapened  hereafter,  will  be  by  the  use  of 
light  "  Baby  "  machine-drills,  in  stoping  these  wide  "  formations." 

Timbering.  — So  long  as  the  levels  in  the  "  sulphide  zone "  are 
kept  narrow  they  require  very  little  timber,  but  when  they  are 
reached  by  the  stopes  from  below,  and  the  full  width  of  the  lode 
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comes  to  be  removed,  the  case  is  different,  and  the  "caps"  and 
"  posts,"  which  are  of  round  timber,  frequently  run  up  to  15  inches 
in  diameter,  forming  "  four-piece  sets  "  (that  is  to  say,  with  a  post 
in  the  middle)  where  the  width  is  great 

Sometimes  a  line  of  posts  is  set  to  one  side  of  a  level,  forming  a 
"  man-way,"  with  a  double  line  of  rails  laid  on  the  other  and  wider 
side,  and  in  the  Kalgoorlie  mine  a  kind  of  "  saddle  back  "  system  of 
timbering  is  employed,  consisting  of  "  stulls  "  fixed  opposite  one 
another  in  "  hitches  "  in  the  floor,  butting  like  the  rafters  of  a  roof 
against  a  central  longitudinal  "ridge-piece"  under  the  centre  of 
"  the  back  "  of  the  level  ;  the  triangular  spaces  behind  on  each  side 
being  packed  with  mullock  resting  on  "  lagging."  The  idea  of  this 
is  to  economise  timber,  and  the  method  referred  to*  will  be  found 
depicted  in  the  Engitteerhtg  and  Mining  Journal,  of  August  18, 1900. 

For  ordinary  "stulls"  and  in  levels  which  do  not  require  such 
massive  timbering  8-inch  timber  is  used.  The  "  salmon-gum,"  which 
grows  plentifully  in  the  district,  makes,  it  is  said,  the  best  mine 


Fig.  37.— a  Levki.  and  Stope,  cohuencbd  in  Rich  Tku-oiiiuk  Ork, 

timber,  becoming  so  hard  that  holes  cannot  be  bored  in  it  by  hand. 
The  illustration  (Fig,  36)  shows  the  "  stulling  "  of  one  of  the  levels 
in  the  Lake  View  Consols  mine. 

*  A  modilietl  fonn  of  timbeiing  of  this  kind  is  employed  in  the  Calumet  and  Heel* 
mine  in  Michigan  ;  it  is  lignred  by  Mr.  Pack  Cluuuiine  on  p.  261  of  the  Mining  uid 
Meiallurgical  number  of  Caisitr'i  Maga:inr,  July  190Z. 
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In  the  slopes,  posts  with  "  head-boards"  and  "  cribs,"  or  "  pig- 
styes,"  are  employed  to  prevent  "  caves  "  ;  and  at  the  Golden  Horse- 
shoe mine,  owing  to  the  heavy  nature  of  the  ground  in  wide 
gunnies,  they  use  "square-sets."  The  timbering  and  "filling"  of 
the  "stopes"  is  one  of  the  main  items  of  cost  in  mining  at  Kal- 
goorlie,  in  fact  Mr.  Hoover*  states  it  costs  as  much  as  the  actual 
breaking  and  handling  of  the  ore. 

The  cost  of  timber  at  the  Lake  View  Consols  in  1898,  for  instance, 
appears  to  have  amounted  to  13,610/.  13J.  \d.,  or  41.  8*4//.  per  ton 


llG.    38.— yOUTH    JJRIVE   No.   2   LEVEL,    NO.   4   I.ODK   (SHOWINC.   TlMBERINC), 
GOl.DEN    HORSK-SK(IE. 

raised  and  treated,  but  a  large  part  of  this  was  no  doubt  chai^eablc 
to  development,  and  50  per  cent,  of  the  above  sum  was  charged  to 
Profit  and  Loss  account,  and  written  off,  whilst  the  balance  was 
charged  to  Capital  Account, 

The  illustrations  Figs,  36  and  37  show  "the  back"  of  two  of  the 
levels,  with  "stulls"  and  setts  being  put  in  for  stoping ;  and 
Figs.  38,  39  and  40  show  the  timbering  of  a  level  and  cross  cut  in 
the  Golden  Horse-shoe,  and  "square-set"  timber  work. 

Underground  Tramming. — Men  are  exclusively  employed  in 
'  Eng.  and  Mining  Journalt  December  1 7.  1 8g8. 
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trucking.  I  do  not  know  whether  the  question  of  electric  traction 
for  such  a  purpose  has  been  considered ;  but  mechanical  haulage 
seems  only  capable  of  profitable  application  where  the  main  levels 
are  fairly  straight,  of  exceptional  lengths,  and  suitable  size. 

At  the  Great  Boulder  mine  the  principal  drives  are  laid  with 
steel  rails,  with  a  17-inch  gauge  track.  At  the  smaller  mines,  if  the 
roads  are  of  any  considerable  length,  the  cost  of  trucking  is  neces- 
sarily high,  but  might  no  doubt  be  cheapened  by  better  organisation 
in  some  cases  ;  9  to  10  tons  per  man  per  shift,  including  stone  broken 


in  development,  is  reckoned,  I  believe,  a  fair  day's  work  ;  this  repre- 
sented a  cost  of  ij.  I  ■  iid.  per  ton  shifted,  in  a  case  that  came  under 
the  Author's  notice,  or  1.1.  6ii.  or  2j.  per  ton  of  ore  milled,  taking 
into  account  stone  shifted  for  "  filling  " — as  much  as  1 5  to  17J  tons 
under  favourable  conditions  can,  however,  be  handled  per  man. 

At  the  Ivanhoe,  in  1900,  on  an  output  of  74,750  tons,  trucking 
cost  2s.  o-6yid.  per  ton  ;  and  in  1901,  on  an  output  of  90,423  tons, 
it  cost  IS.  6-Z20d.  per  ton.* 

•  For  Ihe  year  ending  August  31,  1901,  on  an  output  of  76,571  Ions  "  trented,"' 
tnckii^  and  mnllockiDg  cost  is.  io'46S<^.  at  Lake  Vie«'  Consols. 
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Ventilation  is  entirely  natural,  and  is  assisted  by  the  difference 
in  temperature  between  the  surface  and  below  ground. 

Underground  Lighting. — As  already  mentioned,  the  "  plats  " 
are  lighted  by  electricity,  or  with  large  oil-lamps,  but  since  the 
question  of  safety  has  no  bearing  on  the  matter  (as  in  collieries), 
candles  are  chiefly  used  underground  ;  and  just  as  the  Saxon 
miner  in  the  silver-lead  mines  has  stuck  to  his  "blende,"  •  and  the 
Scotchman  to  his  blend  of  whisky ;   so  the  Australian,  like  the 


Fic.  40. — Sill-Floor  No.  3  Levbl  No.  4  Lode  (Showing'Squake-Set 
Tiu BERING),  Golden  Hokse-shoe. 

Comishman,  as  a  rule  prefers  his  "  dip  "  thrust  in  a  lump  of  well- 
kneaded  red-clay,  or  an  American  steel  candle-holder  (which  he 
can  stick  or  hang  anywhere),  to  any  other ;  as  it  gives  him  the 
best,  though  a  more  expensive,  light  to  work  by. 

As  either  oil  or  tallow  would,  if  dropped  amongst  the  ore, 
seriously  interfere  with  amalgamation,  and  might  cause  loss  of  gold 
out  of  all  proportion  to  the  saving  effected  by  the  using  of  a  cheaper 

*  The  following  description  of  it  is  given  by  W.  Leo,  which  shows  its  uitiquitf, 
and  the  same  kind  oi  kmp  is  in  use  to-day  in  Saxony :  "  *  Blende '  ist  ein  bolzcmes 
Oder  blechemes  (Westell,  gleich  eincr  Lanieme,  in  welcher  der  Bergmann,  an  Tielen 
Often,  sein  Griibenlicht  WAaC ^Bfr^uiiiadt,  W.  Leo,  1S61. 
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illuminant ;  stearine,  paraffin,  or  composite  candles  are,  however, 
mostly  employed.  Price's  candles  are  put  up  in  2S-lb.  boxes  of 
about  three-quarter  cubic  feet  capacity,  in  blue  packets,  each 
holding  I  lb. ;  and  they  give  less  smoke,  and  do  not  gutter  like 
"  dips,"  although  they  do  not  stand  strong  draught  or  drops  of 
water  so  well,  Mr.  Truscott  *  reckons  that  on  the  Rand,  illumina- 
tion costs  about  4d.  per  ton  of  ore  raised. 

The  cost  of  illumination,  as  might  be  expected,  is  less  in 
"  slopes  "  than  in  levels,  reckoned  on  the  tonnage  broken  ;  but  the 
light  being  more  diffused  and  exposed  to  draughts,  more  candles 
are  used  per  man.  As  showing  this,  it  may  be  stated  that  at  the 
North  Boulder,  in  1898,  13,691  tons  of  ore  were  stoped  in  5802 
shifts,  with  a  consumption  of  3578  lb.  of  candles,  which  at  eight 
to  the  pound,  represents  28,624  candles  used,  equal  to  about  2 '  I 
candles  per  ton,  or  nearly  five  candles  per  man  per  shift.  Whilst 
in  driving,  etc.,  it  may  be  reckoned  that  about  8117  tons  were 
broken  in  8000  shifts,  and  3457  lb.  of  candles  were  consumed, 
which,  reckoning  eight  to  the  pound,  represents  27,656  candles, 
equal  to  about  3^  candles  per  ton,  or  3^  candles  per  man  per  shift. 

Sorting. — On  the  Rand,  Mr.  Truscott,  M.InstM.M.,  has  pointed 
out  that  there  ii  a  direct  saving  of  gold  effected  by  sorting,  in 
addition  to  a  saving  in  milling  expenses,  as  the  waste  sorted  out 
oden  does  not  assay  i^  dwt.,  whereas  the  residues  from  different 
reduction -works  generally  assay  more. 

If  therefore  the  waste,  instead  of  being  sorted  out,  were  crushed 
and  treated  as  presently  explained,  it  would  arrive  at  the  residue 
dumps  with  a  higher  assay  value  than  it  originally  had.  The 
capacity  of  the  mills  and  reduction  plants  is  also  increased  pro- 
portionately  to  the  amount  of  stone  thus  got  rid  of,  and  the  waste 
sorted  out  underground  saves  expense  in  providing  mullock  for 
"  packing  "  the  stopes. 

The  tailings  which  result  from  reduction  have  an  assay  value 
proportionate  to  the  value  of  the  ore  treated,  and  this  being  the 
case,  the  value  of  any  ore  may  be  so  increased  by  sorting  that  the 
resultant  tailings  might  be  treated  at  a  profit ;  whereas  if  not  so 
treated,  they  might  be  of  too  low  a  value.  Another  advantage  is 
that  hammer  and  pick-heads,  and  pieces  of  iron  or  wood,  are 
picked  out,  and  damage  to  machinery  is  thereby  averted. 

So  long,  therefore,  as  the  value  of  the  "  waste  "  sorted  out  is 
less  than  that  of  the  residues  from  the  reduction  processes,  and  the 
•  Tie  Wiftaatersraiid  Gaiti Fields,  S.  J.  Tniscolt,  A.R.S.M.,  p.  393. 
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cost  of  sorting  a  ton  of  waste  rock  is  less  than  the  cost  of  reducing 
it,  it  presents  obvious  advantages. 

In  Kalgoorlie,  little  or  no  sorting  is  attempted,  and  the  justifi- 
cation for  this  lies  in  the  fact  that,  unlike  ore  on  the  Rand,  it  is 
frequently  impossible  to  distinguish  between  a  piece  of  ore  rich  in 
gold  and  a  bit  of  mullock ;  and  there  is  no  doubt  that  the  ore 
brought  to  the  surface,  owing  to  insufficiency  of  light  underground, 
and  the  dirt  and  smoke  with  which  much  of  the  ore  is  covered, 
carries  a  considerable  proportion  of  waste. 

If  this  waste  could  be  got  rid  of,  it  would  be  of  distinct  advan- 
tJ^e,  but  what  little  sorting  is  attempted  at  Kalgoorlie  is  done 
mostly  on  the  "  dumps,"  and  to  do  it  properly  would  involve  the 
erection  of  elaborate  washing  and  sorting  plant  on  surface,  and 
with  rich  telluride  ore  put  temptation  in  the  sorters'  way. 

It  is  doubtful,  therefore,  whether  the  loss  and  cost  would  not 
greatly  exceed  the  gain,  unless  the  distinction  between  rich  and 
poor  ore  becomes  more  marked  in  the  lower  levels  of  some  of  the 
mines,  as  may  perhaps  happen  ;  in  which  event,  surface-sorting 
with  adequate  saf^uards  will  become  a  question  for  serious  con- 
sideration. 

In  some  mines  there  is,  however,  a  good  deal  of  barren  stone, 
which  by  paying  more  careful  attention  to  the  matter,  might 
possibly  be  separated  with  advantage  underground,  saving  the 
expense  of  raising  it ;  and  leaving  it  as  is  done  in  other  cases,  where 
it  would  be  most  useful,  in  the  working-places  for  "  filling." 

At  Hannan's  Star  mine,  in  the  Company's  report  for  1899, 
it  is  stated  that  100,700  cubic  feet  of  ground  were  broken  in  the 
slopes  at  the  75-feet  level  on  the  main  lode,  representing  6713  tons, 
which  yielded  4185  tons  of  (oxidised)  milling  ore  ;  in  1900,  at  the 
i7S-feet  level,  32,144  cubic  feet  of  ground  were  broken  on  the 
main  lode,  representing  about  2296  tons,  which  yielded  1250 
tons  of  ore;  and  at  the  275-feet  level,  18,382  cubic  feet  of  ground 
were  sloped,  representing  about  1313  tons,  which  yielded  543  tons 
of  ore. 

Sampling. — This  brings  me  to  the  subject  of  "  sampling,"  and  I 
do  not  think  I  am  wrong  in  stating  that  sampling  an  ordinary 
quartz  vein  or  Johannesburg  "  banket "  is  child's-play  compared 
with  the  difficulties  of  sampling  the  Kalgoorlie  "  formations." 

When  you  come  to  consider  the  following  facts: — (1)  That  the 
appearance  of  the  ore  affords  little  indication  of  its  value,  and  that 
it  is  frequently  indistinguishable  from  mullock  ;    (2)  That  it  varies 
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in  width  as  much  as  it  does  in  value ;  possesses  frequently  no  well- 
defined  walls,  and  is  at  times  payable  over  great  widths  ;  (3)  That 
minute  seams  of  rich  telluride  are  apt  to  run  through  it  in  all 
directions,  bringing  up  the  value  of  a  foot  or  two  of  almost  worthless 
stone,  to  a  payable  grade  ;  and  (4)  That  a  given  width  of  formation, 
owing  to  patches  of  rich  telluride,  will  alter  in  average  value  from 
a  few  dwt  to  20  or  30  oz.  to  the  ton,  in  a  run  of  level,  not  exceeding 
a  few  feet  in  length, — it  is  evident  that  the  question  of  accurate 
"  sampling,"  so  as  to  arrive  at  reliable  results,  is  a  very  different 
affair  to  sampling  a  well-defined  deposit,  with  values  fairly  evenly 
distributed  through  it. 

By  sampling  the  drives  at  regular  and  close  intervals,  as  they 
advance,  and  taking  "  check-samples "  from  the  "  passes "  and 
trucks  delivered  on  surface,  an  approximate  idea  can,  no  doubt,  be 
formed  of  the  value  of  a  "  block  of  ground  "  whilst  it  is  being  laid 
open  for  sloping  ;  but  it  is  practically  impossible  to  figure  with 
absolute  certainty  what  any  large  block  of  ground  will  yield  until  a 
considerable  amount  of  stoping  has  been  done  upon  it,  indeed  one 
might  almost  say  until  it  is  actually  stoped  out,  as  it  is  apt  to  con- 
tain surprises,  equally  pleasant  or  otherwise,  in  the  shape  of  "  un- 
expected "  bunches  of  rich  telluride,  or  blank  patches  of  ground, 
which  set  the  most  careful  calculations  at  defiance  ;  and  however 
great  the  "  sampler's  "  experience,  care,  and  rectitude  may  be,  he  is 
liable  to  make  unavoidable  mistakes,  in  estimates  of  the  kind,  based 
on  "  ore  in  sight,"  using  the  term  in  its  strict  technical  meaning. 

At  the  Ivanhoe  and  other  mines,  in  calculating  "  ore  reserves," 
only  ore  that  is  exposed  on  three  sides  at  least  is  taken  into  ac- 
count;* and  as  the  winzes  do  not  always  follow  the  ore  down,  a 
certain  margin  is  allowed  on  the  safe  side,  which  is  no  doubt  a 
prudent  precaution,  that  makes  up  for  irregularities 'in  individual 
blocks  of  ground. 

Of  course,  some  ore-shoots  are  comparatively  speaking  more 
regular  than  others,  and  give  their  lucky  managers  less  trouble  to 
figure  upon  than  is  oftentimes  the  case ;  but  I  believe  the  only  way 
in  which  it  is  possible  to  calculate  "  values  in  reserve  "  with  any 
n^iir  approach  to  certainty,  would  be  to  sample  each  level  and  winze 
at  short  intervals,  so  as  to  obtain  a  knowledge  of  its  relative  value 
in  cross-section ;  and  after  sorting  out  any  "  waste  "  that  would 
usually  be  picked  out  underground,  pass  the  balance  of  the  ore  got 
from  drives  and  winzes  from  day  to  day  through  a  mechanical, 
•  The  Ivanhoe  Company's  Report,  1500,  p.  18. 
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automatic  sampler,  of  the  Vezin,"  Brunton,  or  Bridgman  class, 
in  order  to  obtain  an  average  bulk  sample  from  each  main  level, 
etc.,  for  assay. 

Even  this,  however,  would  only  partly  meet  the  difficulty,  and 
although  it  might  be  worth  while  in  some  cases,  in  others  it  would, 
probably,  scarcely  pay ;  and  I  believe  the  safest  guide  to  depend 
on  (which  serves  incidentally  as  a  check  on  the  sampling)  is  to 
so  organise  the  sampling  and  plan  the  stoping,  that  the  stope- 
samples  and  battery>cnishings  shall  serve  as  an  aid  to  guide  the 
manager  in  figuring  on  the  value  of  each  block  of  ground  whilst  it 
is  in  course  of  removal.  In  any  event,  however,  samples  taken  for 
assay  from  any  particular  •'  block  of  ground  "  or  lot  of  ore  should  be 
as  large  as  possible,  and  the  final  assay  sample,  when  check-assays 
are  to  be  made,  should  be  pulverised  to  120  mesh  or  finer,t  in- 
stead of  60  or  80,  as  is  the  usual  custom  with  ordinary  ores. 

At  the  Great  Boulder  mine,  in  mining  the  oxidised  ore,  the 
practice  used  to  be  (as  a  rough  test)  to  keep  a  man  constantly 
"panning"  ore  from  the  drives  and  "stopes,"  and  estimating 
values,  as  it  has  been  customary  to  do  at  the  Homestake  mines  in 
Dakota,  and  in  other  cases  where  the  ore  is  free-milling. 

The  foregoing  facts  may  possibly,  in  some  measure,  explain  the 
discrepancies  that  have  occurred  in  estimating  "  ore  in  sight " ;  % 
but  in  other  cases  they  appear  quite  unaccountable,  one  of  the  most 
notable  being  where  the  manager  of  a  company,  it  was  stated, 
calculated  the  reserves  at  739,296  tons,  valued  at  I  oz.  16  dwt; 
whilst,  according  to  the  report  of  the  mining  engineers  who  in- 
spected the  property  about  six  months  later,  they  only  amounted 
to  37,740  tons,  valued  approximately  at  I  oz.  8*33  dwt. 

The  assaying  of  telluride  ore  is  not,  however,  as  simple  as 
that  of  an  ordinary  gold-ore,  and  unless  proper  precautions  are 
taken  (as  described  by  Messrs.  C.  H.  Fu!ton,§  F.  C.  Smith,J 
E.   A.   Smith,  A.R.S.M.,f   and  others),    the   assayer   is  liable  to 

•  Mineral  Industry,  vol  vj,  p.  369.  An  excellent  description  of  this  mBchioe  and 
a  Srcst  deal  of  inlerctting  inlbrmation  upon  the  subject  of  the  mechanical  sampliiig  of 
leUuride-oret  is  given  by  Mr.  P.  Aigall,  M.  Inst.  M.M.,  in  a  paper  on  '  Sampline  and 
Diy-C  rushing  in  Coloudo,'  Trans.  Inst,  of  Mining  aiid  Mitalturgy,  vol.  x. 

t  When  lellurides  are  present  and  the  ore  is  rich.  Lodge  recommends  cmshing  to 
140  mesh  or  even  liner,  Mineral  Industry,  vol.  viii,  p.  397. 

t  This  subject  is  discussed  in  a.  paper  by  J.  D.  Kendall,  M.lnst.M.M.,  read  before 
the  Institution  of  Mining  and  Metallurgy,  \ijol,  and  certain  recommendations  on  the 
subject  have  been  nude  by  a  committee  of  that  Institution.  It  hat  also  been  recently 
discussed  in  ihc  Dtnvir  Minit^  Smarter,  October  1902,  it  seq.,  and  in  the  Baptiaring 
and  Mining  Journal,  February  1903,  tl  stq. 

_  I  N.  Y.  Sihael  ef  Mints  Qnarlerfy,  vol.  six.  p.  419;  and  The  Mineral  Industry,  vol. 
viL  p.  451.  n  Trans.  Am.  Itut.  0/ Mining  Ungineers.  vol.  wtvi.  p.  487. 

1  ■  Tne  Assaying  of  Complex  Gold  Ores,'  Trans.  Inst,  of  Mining  and  Mtlailiirgy,  vol.iz. 
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fall  into  error.  But  the  sampling  is  the  real  crux  in  figuring  upon 
values. 

Development  Work. — As  Mr.  Hoover  points  out,"  owing  to  the 
width  of  the  lodes  (6  to  30  feet),  the  tonn^e  developed  per  foot  of 
opening  (drivage,  etc)  is  very  great. 

Sufficient  has  been  said  to  show  that  in  order  to  maintain  a  large 
output,  with  a  r^ular  "  mill-average,"  whilst  adding  gradually  to 
reserves,  it  is  necessary  to  keep  "  development  work  "  pushed  well 
ahead  at  different  levels ;  and  the  amount  of  development  required 
is  liable  to  vary  in  different  mines  under  diflTerent  conditions. 

The  following  table,  compiled  from  official  reports,  giving  the 
records  of  several  mines  in  1899,  may  serve  to  illustrate  this. 


Name  of 
Mine. 

^^^ 

Scdoor 

.899. 

Dtc. 

■.i8». 

SvDk. 

D«Y(1o 

Driven. 

Toul. 

CtOB- 

Develop- 

Toul to 
I>«.31, 

>S99. 

lorn 

t™»~~ 

fM 

f«i 

fetl 

fwl 

f«i 

■DDt 

Gt.  Bouldei 
Pioprietai7 

Com- 
Rep«t 

5 ',835 

Oxidised  ore     I7,*66 
Sulphide  ore  131,878 

2579 

5'95 

1750 

9524 

4i>9»7 

143.361 

Total 

.    149 11441 

Ivanhoe 

Do. 

59,664 

Oxidised  0 

Sulphide  c 
Total 

ro   128,273 
Te     83.600 

1436 

3371 

1542 

6349 

,1,4445  '§88,429 

Gold  Horse- 
shoe Eitates 

Do. 

39.191 

Oxidised  c 

re    129,8091        .. 
1 

9.774   !  49.I4'1I 

Lake  Vieirr 
Consols 

Do. 

•■ 

! 

"35 

7' 

4456 

'81,325 

N.  Boulder 

Do. 

iz,o6o 

Sulphide  c 

ire     S><'°0**   •*" 

1488 1 1419 

4129 

9,75" 

30,162 

Corresponding  particulars  embracing  most  of  the  principal  pro- 
ducing mines  on  "the  fields"  in  igcxs,  are  furnished  in  the  table 
on  next  page. 

•  En^neaing and  Mining  Journal,  Dec.  17,  1898. 

t  Shafts,  winzes  and  rises,  but  chiefly  the  two  latter. 

t  No  ore  included  below  the  600-feet  level,  nor  20,652  tons  of  ore  "  at  gras?." 

5  From  December  7,  1S97. 

y  Exclusive  of  22, 000  ton^  of  oxidised  ore,  of  low  grade.  The  fignies  und<r  scale  of 
treatment  are  based  on  tie  average  of  10  months  crushing  only,  from  March  I,  1899,  the 
amount  actually  cnithed  being  32,659  tons.  The  Hgures  under  "  development " 
represent  the  total  amount  of  work  done  on  the  Golden  Horse-shoe  lease  from  the 
inception  up  to  December  31,  1899. 

5  From  opening  of  mine  in  1896.  **  March  2,  1900. 
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If  rises  and  winzes  are  included,  the  general  average  cost  of 
development,  according  to  Mr.  Hoover,  has  been  about  4J,  6rf. 
{Ji"o8)  per  ton  of  ore  developed;  he  adds,  "this  figure,  how- 
ever, must  be  taken  with  a  grain  of  salt  "  ;  the  cost  being  liable  to 
be  largely  increased  by  the  necessary  "  prospecting  work  "  that  has 
to  be  done  in  cross-cutting,  etc,  looking  for  new  ore-bodies.  Were 
it  not  for  this,  the  development  of  a  given  tonnage  of  ore  would  not 


Nanit  of 

V«rtiSinB 

S«J«of 

E.™.,«lR«.rr„. 

Suiik.t 

Drinn. 

CtOB- 

Tuul. 

■DMbfoit 

-^-.zr 

>v.  vaJiia 
w.  din. 
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,., 

rui 

r«t 

LakeView 

Aug.  31,  ( 

11,994  <»'><l>Kd 

65,000* 

I     12 

1535I 

37S" 

.084* 

6371 

1900    \ 

15.738  sulphide 

SS.°oo 
120,000 

8-1 5  dwt. 

{Jt.  liojlde. 

I  Dec.  31, 

37,484  CKidbcd 

12,028 

"algrsss" 

2586 

187! 

'339 

6797 

Proprietary 

(     I9i» 

17. 196  sulphide 

"43.800 

165.8^8  X 

I      9      9 

Ivanhoe 

Do. 

74.750 

217,827 : 

Dot  Stated 

iS6ii 

VM 

"831 

7109 

GoldtD 

Horse  Shoe 

Eilales 

Do. 

671095  oxidised 
9,437  su]phi<ie 

111,925 
100,340 

oxidised 
low  grade 
sulpliide 

33'8 

553 1 

8849 

Gt.  Boulder' 

D^.. 

ai,8to  oxidised 

233>'S 

... 

889 

2821     1598 

5308 

I'erstTenince, 

AsKocUted 
Gold  Minei 

March  31, 
igol 

11,418  sulphide 

3S-5=4^1pl>ide 
>nd  oxidised 

121,794  S 

01.  dwi.  er. 

I     3     7 

i*3oJ 

5396     3397* 

9024 

be  such  an  expensive  item,  and  the  drivage  on  the  actual  ore-bodies 
could  be  kept  at  a  comparatively  small  figure,  without  fear  of 
reserves  falling  suddenly  short. 

The   following   table,   compiled    from   the   Reports  of  various 
Companies,  and  other  sources,  might  of  course  be  largely  extended 


•  January  15,  1901  ss  7 1 ,000  tons  sulpho-telluride  ore, 
t  CbieSy  wiaies  and  riset.  %  laclading  ore  "  1 

S  No  ore  bulking  below  14  dwi.  included. 
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and  perhaps  made  more  sensational ;  but  it  affords,  I  think,  a  fair 
idea  of  the  size  and  value  of  some  of  the  individual  ore-bodies  in  a 
number  of  the  principal  mines  of  the  district,  at  various  depths,  so 
far  as  they  had  been  developed  at  the  dates  given. 
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Nome  of  Mine,  >t  U-.A  >i  which  <h.  0.t-bodr  wu 

*™t 

Atuy 

1898 

Lake  View,  Main  Lode  (below) 

100  ft 

level  souih 

rt.     Id. 

620    0 

IS    0 

"/t¥ 

300 

4*    0 

8    0 

34    9    0 

1899 

300 

„        north 

;»    0 

'13   0 

I    7  '» 

„ 

»t 

300 

,        south 

3!o    0 

6    0 

138  19  9 

„ 

„  t 

300 

79    0    §176 

I  10    0 

,.t 

300 

\ya 

0  10    0 

1900 

400 

. 

350    0 

6    0 

1  IS    0 

„ 

400 

. 

406    0 

4  to  IS  dwL 

„ 

„ 

500 

„      north 

840    0 

0    7    0 

„ 

500 

.. 

ao    0 

5    0 

S    0    0 

„ 

500 

200     0 

6    0 

I  10    0 

I9«»1 

/Great  Boulder  Main  Reef  Co.,\ 
1     Main  lode                              / 

38s 

„      north 

.»o    0 

8    0 

tti  10    0 

,.1 

Do.    West  lode 

385 

175    0 

i    6 

.." 

Do.     Main  lode 

485 

60    0 

4    0 

3  10    0 

Do.      do.                   .         . 

S8S 

1137    0 

5    0 

40    0    0 

1901 

Do.      do.    sth  Ann.  Rep. 

793 

„      south 

IS    0 

3     6 

300 

Do.      do.             do. 

793 

>. 

w    0 

3    0 

0  15    0 

1900 

Assodaled  G.  M.  Co.  Tetley'i  ore-b 

odjsoo 

/northern 
■      {section 

180    0 

ti    0 

%%i  16    0 

1901 

416 

Isec  Ais 
,     1     &  16 

1  &  B  16 

19s    ol 
'35    ol 

IS    0 

1900 

500 

.    {S^ 

80    0 

14    0 

1  13    0 

1901 

Main  lode 

136 

■  {,Ti':i 

„ 

250 

127    0 
laS    0 

8    0 

0150 

*  6  to  20  feet  wide. 

t  In  (he  section  from  400  feel  to  900  feet  south  of  the  main  shaft,  betnreen  the 
second  and  third  levels,  the  high-grade  ore  was  slated  to  have  varied  from  10  oz.  to  120 
01.  per  loo  ;  whilst  outside  of  the  rich  ore,  the  general  average  w^  i  oz.  per  ton, 

X  Estimated  from  yield  of  2620  Ions  sbtpped  from  this  section  and  smelted. 

5  15  to  20  feet  wide.  |j  JO  to  40  feet  wide. 

\  Mr.  L.  Gilson's  Report,  March  2,  1900.  **  Circular,  Oct.  11,  1900. 

It  25  to  35  dwt.  XX  After  driving  60  teei  in  the  ore  body. 

%  Mr.  R.  J.  Frecheville'i  Report,  dated  April  5,  1900,  figured  on  1370  tons  of  sul- 
phide ore  of  this  value  remaining  here  ;  the  length  and  width  given  ate  the  dimensions 
of  part  of  this  ote-body  that  bad  pievionslybeen  sloped  away.  At  the  300-reet  level,  he 
remarks,  "The  ore-body  had  also  a  Icnglh  of  180  feel  with  an  average  width  of  13  feet. 
At  its  N.W.  limit  there  is  standing  aboul  liso  tons  of  25-dwt.  ore,  and  at  its  S.E.  limit 
500  tons  of  about  15-dwt.  ore." 
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from  shaft  I  MUlh  ,     31    ol 
The  average  value  of  the  ore  extracted  from  No.  I  lode  was  given  at  o-5o  oi. 

No.  3       „         „         0-55,. 

No.  3        „  „  0-88  „ 

No.  4        „  „  3-74  „ 

SiK  feet  sruth  of  the  East  Cross-cut  on  No.  4  lode  at  the  500  ft.  level  (No.  5]  a 
inze  was  reported  sunk  SS  feet  in  extraoidinarily  rich  ore,  5  to  7  feet  in  widlD. 


*  Fiof.  E.  H.  Liveing'i  Report,  dated  April  5,  1900 ;  he  mentions  that  in  the 
southern  section  the  best  portion  of  a  body  of  oxidised  ore  had  been  sloped  out  by 
open^cut,  to  a  width  of  40  feet ;  and  about  21,400  tons  were  left  of  low  grade  (7  dwl.) 
in  the  central  section;  and  3850  tons  in  the  northern  sections  of  similar  grade. 

t  In  a  letter  of  the  special  correspondent  lo  the  Financial  Timis,  dated  July  XJ,  he 
mentioned  that  2000  odd  tons  treated  from  this  mine,  averaged  a  little  over  8  oz. 
per  ton. 

t  Mr.  A.  E.  Thomas's  Report,  dated  November  23,  1901,  stated  that  between  the 
No.  7  level  (550  feet)  and  the  No.  6  {500  feet),  he  estimated  10,338  Ions  in  sight  of  an 
average  value  of  6  01.  11  dvrt. 
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The  phenomenal  width  and  richness  which  the  ore-bodies  in  this 
district  frequently  attain,  in  places,  has  been  referred  to  in  a 
previous  chapter.  Thus,  in  the  Great  Boulder  Perseverance  mine, 
what  is  known  as  the  Lake  View  Lode,  it  is  stated,*  was  sloped 
in  one  place,  between  the  surface  and  the  lOO-feet  level,  for  a 
width  of  loo  feet ;  whilst  at  the  2D0-feet  level,  it  was  still  30  feet 
in  width.  At  the  Southern  end  of  the  mine  in  the  500-feet  level  at 
one  point  the  lode  was  estimated  to  have  been  40  feet  wide,  valued 
35  dwt. ;  and  again,  where  cut  at  600  feet  it  was  reported  to  be 
12  feet  wide,  valued  at  25  to  35  dwt.  The  average  width  of  the 
West  lode,  which  is  said  to  be  richer  but  more  irregular  than  the 
Lake  View  lode,  was  estimated  by  the  manager  in  1931  at  8  feet ; 
and  a  formation  intersected  by  a  cross>cut  from  No.  6  shafl;  was 
reported  to  be  5  feet  wide  at  this  point,  valued  at  4^  oz.  per  ton. 
For  reasons  already  stated,  however,  the  quantities  of  ore  crushed 
by  the  various  mining  companies,  and  the  average  returns  they 
have  yielded,  considered  in  conjunction  with  the  amount  of  de- 
velopment-work effected,  and  the  "  reserves  of  ore  "  blocked-out  in 
each  mine,  are  safer  guides  to  go  by  in  estimating  the  capabilities 
of  "  the  field "  as  a  whole,  or  of  any  particular  property,  than 
the  value  of  this  or  that  "  ore-body," 

In  consequence  of  the  lenticular  shape  which  characterises  most 
of  the  Kalgoorlie  ore-deposits,  they  frequently  "splice  in  and  out," 
and  in  sinking  and  driving  on  them  they  generally  lengthen  and 
widen  until  a  certain  point  is  reached,  when  they  commence  to 
contract  and  wedge  out  lengthways  and  underfoot ;  but  new  bodies 
fortunately,  as  before  explained,  frequently  "  re-make,"  to  take  the 
place  of  the  old  ones  that  have  been  worked  out. 

The  principal  "formations"  indeed,  may  be  said  to  be  fairly 
persistent  in  their  "course,"  and  some  of  the  mine-workings,  like 
those  of  the  Great  Boulder,  give  a  visitor  the  impression  of  con- 
siderable regularity,  whilst  others  impress  him  more  with  the  great 
width  of  their  stopes.  Still,  a  4-feet  or  6-feet  ore-body  when  of  any 
considerable  length,  is  a  splendid  average  width  on  which  to  work, 
and  is  in  some  respects  handier,  and  at  times  cheaper  to  mine, 
than  a  very  wide  one.  Generalisations  of  this  kind  cannot,  however, 
be  carried  too  far,  the  profit  a  mine  will  yield  depending  on  various 
surrounding  circumstances,  and  very  largely  upon  the  business 
organisation  of  each  concern. 

In  the  Great  Boulder  and  other  mines,  one  notices  that  two 
•  Staliit,  September  i,  1900. 
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"  formations  "  sometimes  run  parallel  for  some  distance,  and  then 
unite,  enclosing  a  patch  or  "  horse"  of  barren  ground  between  them  ; 
and  it  would  not  be  at  all  surprising,  judging  by  their  converging 
dip,  if  what  appear  to  be  separate  lodes  in  some  of  the  mines  (seen 
in  horizontal-section  at  the  upper  levels)  prove  to  be  branches  of 
one  and  the  same  "formation,"  and  united  in  depth,  forming  more 
regular  and  well-defined  ore-bodies.  Unfortunately,  their  erratic 
mode  of  occurrence  and  the  sudden  jumps  in  values,  up  as  well  as 
down,  to  which  the  ore-bodies  in  this  field  are  subject,  just  as  in 
localities  tike  the  Comstock  and  Leadville  (where  somewhat  similar 
conditions  obtained),  have  presented  many  opportunities  for  specu- 
lative manipulation. 

Development,  Miniuff  and  General  Mining  Costs. — Mr.  Hoover, 
in  i8g8,  stated  *  that  if  we  include  under  the  head  of  extraction, 
pumping,  winding  and  tramming,  the  average  cost  of  mining  was 
about  $2' 70.  Of  say,  lu.  3(/.  per  ton  ;  it  seems  somewhat  doubtful, 
however,  whether  this  figure  would  entirely  cover  all  these  items, 
in  all  cases. 

Taking  the  various  items  of  expenditure  on  mining,  milling  and 
development  that  were  debited  to  Profit  and  Loss  account  or  charged 
to  Capital  account,  and  re-grouping  them,  it  would  appear  from  the 
annual  reports  of  different  companies  in  1898,  local  costs  (based  on 
tonnage  milled  in  each  case)  stood  about  as  follows  ;  exclusive  of 
course  of  capital  charges,  for  the  purchase  and  erection  of  new  plant. 

Ln™.fl    0-t™.   j    ^rJf'"  I    «ini"S'    I     M"«"<-        T^'S'SK..    ir^^t 
Viaritoa.        aJBonnlol      ;„,„-,  Bunt.      |    Cnana    I    C.aa-nit       IM*!  "">=      ir™iiMm 


UteView     .  5,512 

Grail  Boulder  13,541 

iTanhoe         .  6,095     ^^<l^'s% 

Xorlh  Boulder  l,6B2 

•  Eng.  and  Afi»ing  Jaur«a!,  Dec.  17.  1898. 

t  Including  generai  charges  (Eiuch  as  local  office  expenses,  etc.).  but  cicluding  capita! 
charges  (olher  thaa  development),  cyaniding  tailings,  depreciation  of  machineiy  (wiitten 
off),  an'!  London  expenses. 

\  Inclusive  of  mine  timber  (charged  lo  capital  account),  wbich  is  reckonel  to  have 
cost  t3.  4'  1991/-  pec  (on  ;  and  a  similir  sum  written  olf  "  extraction  "  for  limber. 

I  Thirteen  minths  (inclading  December  1S97}. 

II  Calculated  gpon  49,909  tons  miiifd  (part  of  which  was  not  crushed) ;  the  expend!, 
tuie  under  this  head  may  be  reckoned  at  about  191.  id.  per  Ion. 

f  Includes  16,833'.  loi.  it'/,  charged  to  cap' tal  account,  and  5067/.  toi.  yd.  charged 
10  profit  and  loss  account.  **  Covers  stoping,  hauling  and  trucking. 

it  Includes  general  mine  charges,  mine  limber,  and  mine  mmn'enance  ;  the  actual 
cost  of  develapmenl  (smkin^,  driving,  etc.),  nm'junted  ta  loi.  y^.  per  Ion  mined. 

It  Covers  merely  the  cost  of  "getting  ore."  The  cost  of  sloping,  biused  on  the  tonnage 
mined,  was  only  7J.  O'yi'l' 
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It  is  interesting  to  note  that,  notwithstanding  the  difference 
in  the  amounts  of  ore  crushed  (a  factor  which,  generally  speaking, 
largely  influences  the  cost  of  treatment),  the  total  costs  above 
shown  (which  may  be  reckoned  as  representing  the  average  cost 
on  the  spot  of  winning  and  treating  oxidised  ore  in  1898)  in 
all  these  four  cases  show  close  uniformity,  if  allowance  is  made 
for  the  different  amounts  that  different  companies  spent  upon 
"  development."  The  figures  in  the  fifth  column  include  general 
chaises  and  maintenance,  but  are  exclusive  of  such  sums  as  were 
written  off  for  depreciation  of  machinery,"  London  expenses, 
capital  expenditure  (other  than  development)  and  cyaniding 
tailings,  etc. 

The  higher  cost  of  development  at  the  North  Boulder  mine 
resulted  from  its  comparatively  smalt  output,  which  was  due  to 
the  fact  that  the  shoots  of  ore  were  neither  as  wide  nor  as  r^ular 
as  in  the  larger  mines  ;  whilst  in  the  case  of  the  Great  Boulder, 
it  is  explained  by  heavier  sinking  charges  and  the  relatively  large 
amount  of  development  work  done,  compared  with  some  of  the 
other  mines. 

The  following  table  gives  the  Author's  estimate  of  the  cost  of 
production  at  four  of  the  leading  mines  at  Kalgoorlie  in  1899, 
when  the  output  and  treatment  of  the  oxidised  ores  on  this  field 
had  attained  its  maximum,  from  which  it  appears  that  the  pay- 
yield  ranged  from  about  11  to  19  dwt.  (bullion  value)  per  ton. 
In  r:ompiling  this  table,  so  far  as  the  subdivision  of  the  accounts 
and  statements  of  the  various  companies  permit  of  doing,  the 
Author  has  endeavoured  in  each  case  to  group  similar  charges 
together  under  one  or  other  of  the  nine  or  ten  headings  into  which 
the  table  is  divided:  "Development"    includes   sums  charged  to 

•  The  Great  Bouldei  "wrote  oft"  8000/.  =  31.  lojrf.  per  Ion,  from  the  balance  of 
pTolit  and  Ims  account  at  December  31,  1897  ;  on  account  of  devetoiincnt  in  iSgS, 
which  is  not  included  under  cost  of  development  in  the  table  ;  and  10,000/.  =  41.  v^d. 
per  too,  on  account  of  depreciation  of  plant,  buildings,  etc 

TTie  Ivanhoe  "  wrote  off"  5067;.  icu.  S</.  =  y.(>a  p;r  tor,  on  account  of  de»elop- 
menl,  and  5595/.  u.  W.  =  y.  lod.  per  Ion,  on  account  of  depreciation  of  plant, 
buildings,  etc 

The  Lake  View  Consols  "wrote  off"  4508/.  9/.  71/.  =  1/.  6'6S2ii.  perton,  on  account 
of  devetopment ;  13,077/.  3/.  yi.  =  41.  6-1871/.  per  ton,  on  account  of  depredation  of 
plant,  bntldio^,  etc.  ;  and  6S05/.  6/.  8a'.  =  u.  4'  199^-  per  ton,  on  account  of  mine- 
limbeiing,  charged  to  colt  of  extraction.  The  first  and  last  of  these  items  are  iIlcludl^l 
onder  development  in  tlie  table  on  p.  195. 

The  principles  of  calculating  the  "  depreciation  of  machinery"  have  been  very  fully 
discussed  In  an  article  by  Prof.  Robert  H.  Smith,  in  Fietdm'i  Afasaanr,  March  1900, 
and  in  a  series  of  articles  in  £nf/»(mH/,  July  S,  I >  and  19,  190'. 
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development,  shaiVsinking,  etc.,  under  Capital  Account  or  Profit 
and  Loss  Account,  whether  written  off  entirely  or  in  part  or  not. 
Apart  from  Development  charges  and  sums  written  off  for  deprecia- 
tion of  machinery,  no  other  capital  charges  are  included  in  the  table. 
Special  items  debited  to  Revenue  Account,  or  Profit  and  Loss 
Account,  such  as  "  Expenditure  on  Cyanide  law  suit,"  "Experiments 
with  Sulphide  Ore,"  "  Adapting  the  Boulder  Milling  Company's 
plant  and  running  the  same,"  "Preliminary  Expenses"  (in  connec- 
tion with  the  liquidation  of  the  old,  and  formation  of  the  new 
Golden  Horse-shoe  Company),  etc.,  have  been  also  excluded,  as  in 
a  table  of  this  kind  they  would  be  out  of  place. 

In  connection  with  the  table  just  given,  and  that  on  pp.  210,  211, 
which  deals  with  costs  in  19C0),  it  is  to  be  observed  that  whilst 
some  companies  treat  "development"  and  "depreciation"  as 
working  expenses,  others  charge  these  items  to  capital,  and  write 
them  off  in  whole  or  in  part. 

As  it  was  necessary,  however,  to  do  so  in  seme  instances,  the 
Author  lias  treated  them  as  if  they  were  a  working  chaise  in  all 
cases ;  and  even  supposing  them  to  he  simply  book-entries,  he 
is  of  opinion  that  there  is  ample  justification  for  adopting  this 
principle,  since  any  such  charges  must  be  deduced  in  one  way  or 
another  from  profits.  Income  tax,  dividend-taxes,  and  London 
expenses,  are  similarly  included  in  both  tables  as  charges  against 
revenue. 

If  mining  companies,  when  fully  equipped  and  developed,  in  the 
preparation  of  their  "cost-sheets"  (whilst  keeping  capital  and  profit 
and  loss  account  charges  separate)  were  to  treat  all  current  ex- 
penditure, including  improvements,  etc.,  as  working  costs,  the  cost 
per  ton  milled  might  frequently  appear,  perhaps,  considerably 
greater  than  would  otherwise  be  the  case  ;  but  it  seems  the  most 
rational  and  practical  way  of  dealing  with  mine  costs,  in  order  to 
arrive  at  the  ultimate  question  the  business-man  and  mine  share- 
holder wants  to  know :  viz.  the  actual  divisible  profit,  after  all  neces- 
sary charges  are  covered.  This  may  be  made  more  or  less  clear  or 
otherwise,  but  no  arrangement  of  figures  can  make  it  greater  or 
less  than  it  is,  when  the  accounts  for  the  year  are  closed.  It  will 
always  remain,  however,  a  more  or  less  open  question,  to  which 
fixed  rules  are  difficult  to  apply,  how  much  ought  to  be  written  off 
for  depreciation  on  different  classes  of  machinery,  what  proportion 
of  the  expenditure  on  plant  and  development  should  properly 
be  considered  as  an  actual  asset,  and  what  propoi-tion  should  be 
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"  written  off,"  from  time  to  time,  on  account  of  "  mine-development 
redemption," 

The  table  on  next  page,  which  may  be  of  interest,  shows  how  the 
mining  and  mine-development  costs  were  subdivided  in  1898  and 
1899,  at  the  North  Boulder  mine ;  based  upon  the  tonnage  of  ore 
mined  ajtd  raised,  viz,  10,556  tons  in  1898,  and  12,097  to"s  raised 
in  1899,  under  the  management  in  Australia  of  Messrs.  C.  B. 
Kingston,  M.  Inst.  M.M.,  and  G.  Browne,  Assoc  M.  Inst.  C.E.  (the 
local  agents  of  the  company)  and  Mr.  Roger  Lisle,  the  mine 
manager  in  charge. 

The  higher  percentage  in  "cost  of  development"  in  1899  as 
compared  with  1898,  shown  in  the  table,  is  explained  by  the  larger 
amount  of  sinking  and  cross-cutting  done,  in  propr rtion  to  driving, 
during  the  period  in  question  ;  the  substitution  of  machine- work  to 
a  large  extent,  in  place  of  hand-labour  ;  and  the  increased  hardness 
of  the  ground  in  depth, 

In  1898  some  2682  feet  6  inches  were  sunk  and  driven  in  course 
of  development,  with  an  expenditure  of  5427/.  13^.  \od.,  repre- 
senting a  cost  of  only  2/.  or.  sJ*/.  per  lineal  foot  for  the  whole  of 
the  work  done.  Estimating  this  as  representing  about  101,813 
cubic  feet  in  place  (say  7832  tons),*  this  works  out  at  a  cost  of 
about  i^s.  lO'^d.  per  ton  of  stone  broken  in  shafts,  levels,  etc.; 
this  only  allows,  however,  for  bare  dimensions  and  average  weight, 
the  actual  tonnage  may  have  been  considerably  greater,  and  the 
cost  per  ton  correspondingly  less. 

"Sloping." — As  a  certain  amount  of  "waste"  is  broken  with 
the  mill-rock  and  left  in  the  stopes,  the  cost  of  "  stoping  "  is  liable 
to  appear  higher  than  it  really  is,  when  calculated  on  the  tonnage 
of  ore  mined  and  raised,  t  The  cost  of  "  stoping,"  in  fact,  fluctuates 
with  the  width  of  pay-ore  the  stopes  yield,  the  ease  with  which 
the  ground  breaks,  its  "cleat,"  and  other  factors,  such  as  the 
number  and  depth  of  the  holes,  the  way  in  which  they  are  placed, 
whether  hand  or  machine-drilled,  the  strength  of  the  explosives 
used,  and  the  proportion  of  "  misfires." 

In  189S,  it  may  be  estimated  that  at  the  North  Boulder  mine 
at  least  13,691  tons  of  ore  and  mullock  were  broken  in  the  "stopes," 

•  Esiimaled  at  13  cubic  feet  pet  (on  ;  the  weighl  of  the  Kalgooilie  ore  being 
variously  calculated  at  between  I3  and  14  cubic  feet  per  Ion,  according  as  it  happens  to 
be  oxidised,  or  unaltered  formation,  the  quantity  of  "mineral"  present,  and  other 
C'rcunistaacei,  on  which  it  depends. 

t   yide  remarks  under  the  head  of  Sorting,  p.  iSv. 
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1     99-98 
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*  Excerpt  from  ibe  Company's  Annual  Report. 
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in  5802  shifts,  which  represents  probably  not  less  than  2  ■  5  tons 
broken  per  man  per  shift,  with  a  total  consumption  of  3687  lb.  of 
gelignite,  or  0-27  lb.  per  ton  of  stone  broken  ;  62  boxes  of  caps 
and  831  coils  of  fuze  were  used  in  stoping  this  ground  out. 

In  the  same  period,  8ood  shifts  were  employed  on  development- 
work,  and  it  may  be  calculated,  by  cubing  the  ground  opened  up, 
that  some  7832  tons  were  broken  in  sinking,  driving,  etc.,  which 
represents  approximately  one  ton  broken  per  man  per  shift,  with  an 
expenditure  of  about  76CO  lb.  or  '98  lb.  of  gelignite  and  336  lb. 
or  o"043  lb.  of  black  powder  per  ton  of  stone  mined ;  and  a  total 
of  120  boxes  of  caps,  and  I490  coils  of  fuze  consumed.  During 
the  early  part  of  1901,  672  feet  6  inches  were  driven,  sunk  and 
risen  (with  the  exception  of  40  feet)  "  in  blue  and  sulphide  stone," 
with  a  consumption  of  128  cases  of  gelignite,  representing  2  tons 
17  cwt.  16  lb.  used. 

From  particulars  given  by  Mr.  S,  J.  Truscott,  A  R.S.M.,  it  appears 
that  on  the  Rand  they  mostly  use  from  J-lb.  to  1  ^  lb.  of  gelatine  per 
ton  broken  in  stopcs,  and  2  to  3^  lb.  per  ton  broken  in  dnves,  and 
though  Transvaal  "  banket "  is  probably  harder  to  break  than  the 
ground  in  the  oxidised  zone  at  Kalgoorlie  (to  which  the  above 
figures  for  1898  above  given  apply),  it  is  probably  easier  to  mine 
than  some  of  the  Kalgoorlie  "  blue  ground  " ;  consequently  these 
figures  do  not  seem  excessive. 

In  1896,  dynamite  was  costing  in  the  Transvaal  91^.  lod.  per 
case,  and  gelatine  lojs.^d.,  and  Messrs.  Webb  and  Pope  Yeatman,* 
in  this  connection,  say  that  the  cost  of  explosives  per  ton  probably 
averaged  at  least  9  per  cent,  of  the  total  working  costs,  amounting 
at  the  period  in  question  to  from  2s.  to  jj.  per  ton  of  ore  mined. 
In  shaft-sinking,  an  average  of  nine  shafts  25  feet  by  6  feet  in  the 
clear  showed  the  cost  of  explosives  as  5*12  per  cent,  of  total 
working  costs,  and  a  cost  per  ton  of  rock  broken  of  \s.  i-^d.  for 
explosives. 

In  stoping  in  two  large  mines  adjoining  each  other,  the  cost  for 
explosives  per  ton  of  ore  milled  t  was  is.  ^.  in  the  one,  and  from 
y.  id.  to  3J,  6d.  in  the  other,  the  difference  in  the  latter  case  being 
probably  due  to  the  use  of  air-drills.  In  driving  and  development- 
work  generally,  the  cost  in  opening  up  a  well-managed  deep  level 
*  Enginaring  Magatint,  May  1S9S,  p.  261. 

t  G.  A.  D«nny  gives  Ihe  average  qaanlity  of  dynamite  required  per  Ion  of  ore  milled 
af  1'3  lb. ;  repiesenling  at  75^.  per  case  l'9S».  per  to'a.—Dee^  Lrvtl  Mines  of  ike 
Sand,  p.  161. 
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mine,  preparatory  to  miUing,  has  averaged  from  4^.  td.  to  6j.  per 
ton  of  rock  taken  out. 

Mr.  H,  C.  Hoover  states*  that  one  of  the  most  difficult  pro- 
blems in  West  Australian  mines  is  the  inefficiency  of  the  labour 


I  Level  No.  4  Lode, 


(w^es,  he  reckons,  representing  about  80  per  cent,  t  of  the  cost  of 
sinking  and  driving).  This  factor,  he  remarked,  is  improving  with 
time, "but  even  now  the  amount  of  work  accomplished  per  man 
per  day  is  astoundingiy  small."  In  one  mine,  the  men  sloped 
quartz,  in  a  body  20  feet  wide,  at  the  rate  of  i  ■  8  ton  per  man  per 
diem  ;  and  in  another  mine,  in  soft  lode-matter,  under  best  condi- 
tions, 2-7  tons  per  man  per  diem.  It  may  be  added  that  each  foot  of 
thickness  of  ore  (reckoning  it  at  12  to  14  cubic  feet  to  the  ton  in 
place)  may  be  estimated  to  yield  about  2\  to  3  tons  per  square 
fathom  (6  feet  by  6  feet)  stoped.     The  cost  of  mining  (stoping  or 

*  Miniral  Industry,  voL  vi,  p.  335. 

t  As  shown  by  the  foregoing  dala,  it  appears  neayer  1^5  pei  cent,  oa  the  average 
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getting  ore)  as  shonn  in  the  accounts  furnished  by  different  mines, 
if  calculated  upon  the  gross  tonnage  of  ore  got,  cannot  be  accu- 
rately ascertained,  or  compared,  unless  the  proportion  which  "ore 
got  in  course  of  development "  bears  to  the  actual  quantity  "  stoped  " 


,  No.  3  Level  No.  4  Lode,  Golden  Horse-si 
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is  known  and  taken  into  account.  The  illustrations.  Figs.  41,  42 
and  43  show  several  of  the  "  stopes  "  (in  oxidised  and  sulphide-ore) 
in  the  Golden  Horse-shoe  mine. 

Mr,  Hoover  mentions  that  the  mining  costs  at  the  East 
Murchison  United,  Limited  (in  the  East  Murchison  district), 
managed  by  D.  P.  Mitchell,  of  California,  in  December  1897  were 
as  follows: — Mine  development,  $i'86  (/j.  9*^.);  stoping,  $r94 


(8j.  \d);  timbering.  |o'20  (lOrf.)  ;  hoisting,  $0-49  {2s.  \^)\ 
tramming,  $0-29  (u.  2\d,);  milling,  $l-2o  (Sj.)  ;  and  general 
expenses,  $i"70  {js.  id.);  total.  $768  (32^.);  and  they  serve  as 
an  example  of  cheap  costs  in  Western  Australia. 

From  information  kindly  supplied  to  me  by  Mr.  Ed.  Skews, 
it  appears  that  the  mining  (stoping)  costs  at  the  Boulder  Main 
■Reef,  in  June  1898 — subdivided  under  the  various  heads  of  labour, 
(stoping),  trucking,  hoisting,  explosives,  candles  and  other  stores — 
were  as  follows  : — 
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Mining  .  .  .  . 

HoistiDg  .  .  .  . 

Trucking  .  .  .  , 

Eiplotivct  .  .  .  . 

Oiher  Mora  Mid  management  . 


At  Lake  View  Consols,  the  cost  of  mining  (stoping)  for  twelve 
months,  in  1898-g,  and  1899-1900,  is  given  upon  an  output  of 
85,889  tons,  and  37,732  tons  respectively,  as  shown  in  the  table. 

Like  View  Coiuoli.         t  Eipendilioe.    Cost  per  Ion.  1 1    Eipcndiliire.   ICiulpettca. 


nul  lacking 


Mining 

Trucking  and  : 

Hoisting      .... 

Timbering  .... 

Generil  slorec  and  charges 

Tool  Ebarpening  and  lepiira  . 

Assajing  expenses 

Tools,  powder,  and  sample*bagt 

Snpetintendence  . 


28,151  13  I 
8,821  15 

3. 83 J  16 


6'947,,30,ii7  12 
0653J  7- "23  12 
10  713,  4,603  8 
io'62o|  3,753  5 
4-949;  1.6^5  » 
2-7i6jj  956  12 
i-gioj  789  '4 
3-215.  1,206  16 
6-374    1.963    7 


915  n-568 

3   3  9  3" 

2   2  5-281 

5  I  ""-873 
6'  o  10336 

6  o  6-085 


1-107152,139  1 


The  cost  of  stoping  at  the  Lake  View  Consols  for  the  year 
ending  August  31,  1901,  on  an  output  of  76,571  tons,  is  also  given 
as  follows : — 


Mining    .... 

Tracking  and  mullockiog  . 

HoUling  .... 

Timbering 

Underground  charges 

Tool  ibarpening  and  repaiis 

A*sa)ing 

Toob,  powder,  and  sample-bags 

Superintendence 


I. 55*  •: 

1,072 

545  19 
436  14 

1,138 

1,311 


.  J. 

1.       d. 

•  I 

6  i,-698 

3    a 

2  10  468 

* 

1    9588 

7 

0    4-86; 

2    G 

0    3-362 

3  10 

0    1711 

4    3 

0    i-3'9 

5    8 

0    3-568 

0    5 
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At  the  Golden  Horse-shoe  32,659  tons  of  oxidised  ore  were 
raised  in  1899,  and  the  cost  of  mining  (stoping)  came  to  izs-iO'Tl^., 
whilst  76,532  tons  of  oxidised  and  sulphide  ore  were  raised  in  1900, 
and  the  cost  of  mining  (stoping)  came  to  \2s.  8-6iCk/. 

At  the  Ivanhoe,  in  1900,  calculated  upon  the  basis  of  74.750 
tons  treated,  stoping  cost  9^.  0'383rf. ;  hauling,  8' 838(^. ;  trucking, 
2s.o6y\d.;  and  development,  8^.3  ■2051/.  per  ton  (chained  to 
profit  and  loss  account)  written  off  in  the  Balance  Sheet.  In  1931, 
upon  the  basis  of  90,423  tons  treated,  stoping  cost  los.  Oiojd. ; 
hauling,  11  ■542CJ'. ;  and  trucking,  is.  6-82od.  per  ton. 

At  the  Associated,  the  cost  of  ore  extraction  for  the  year  end- 
ing March  31,  1901,  based  on  35,524  tons  raided,  was  as  follows: — 

I.      d. 

Management  ......  o  1*689 

W^i II  3568 

Miniiij;  timber         .....  o  3'3I3 

Expletives      ......  o  9*605 

Candles o  z-695 

CmI o  0-359 

Firewood o  7068 

Timber  ....                 .        .  o  oiio 

Wnler o  5  377 


Stores    . 

General  underground  m  lii 

Tolnl IS    6-482 

For  the  year  ending  March  31,  1902,  on  41,384  tons  treated, 
stoping  and  trucking  cost  \is.  yiid.;  3*83^.  extra  was  charged 
to  ore-extraction  for  superintendence  ;  and  hauling  cost  3^.  8'6i(/. 

At  Hannan's  Oroya,  the  cost  of  mining  (stoping,  etc.),  came  to 
ys.  3*7^.  in  igoo ;  and  for  the  year  ending  March  31,  1901  (on  an 
output  of  7684  tons)  amounted  to:  wages  (2125/.  14J.  icx^.)  = 
5^.  6"394</. ;  assajs  (61/.  gs.)  =  i  ■9191'. ;  explosives  {138/.  13J.  zd.) 
=  4"330i/.';  fuel  (99/,  I2j-.  srf.)  =  3- iil(/,  ;  fodder  (9/.  u.  8f/.)  = 
0-268rf. ;  plant,  repairs,  etc.  {18/.  i8i'.)  =  o-S90fl'. ;  stores  (130/. 9.1. 8(f.) 
=  4-075^. ;  timber  {90/.  Of.  8rf.)  =  2'8i2(/. ;  water  (54/.)  =  i  68^. ; 
total,  js.  I  •  iSjt/.  per  ton  milled. 

At  the  Great  Boulder,  the  cost  of  mine  expenses  (stoping)  in 
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l8p8  and  1899,  upon  an  output  of  (crushed)  41,043  tons  and  51,835 
tons  respectively,  was  subdivided  as  follows  : — 
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" 
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In  1900,  54,680  tons  were  sloped ;  and  in  1901,  89,121  tons  ; 
and  the  cost  came  to  : — 


Gnat  Buulder  Piopriclarj. 
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4»57 
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16,542  3 
5,470  19 
4.460  7 
2,oSs  7 
1,970  9 
1,401  19 


295  13  1 

1,039    3  I 
i,3'6  14 


2  703 

5616 

5'3<* 

■    3'775 

0-6S9 
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'    0-581 

I    0-084 
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D.50Z  IS    6  j  14    9'773  I  46,472  19  1 


At  the  Kalgurli  Gold-Mines,  the  mine  costs  for  the  year  ending 
July  26,  1901,  are  shown  on  the  following  cost-sheet. 
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KulEurii  G<di>-MI» 


Breaking  ore    . 
Loading  xoA  trucking 
Repairing  and  shaqiening  tooU 
Sundriei 
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Hauling  and  rock-diilli 
Development- 
Redemption  on  acconnl  of  larface  ore 

Total  coat  of  ore  at  shaft's  month   . 
Proportion  of  adoii  a  ist  ration  and  general  < 
pensei  in  Western  Australia, 


TatdC«urorlh<yw. 

raMSTrar. 

*™  imd  ™«d  .  .(.jlj  ion 
ppedio  London.  »    „ 

CoHptrtOD. 

I       '.     •/■ 

(.          d. 

J838     9     4 

3    7-68 

1055   16     3 

I     425 

'S'    7    4 

0    3S7 
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3    2-87 

1501    6    4 

8645    8    6 

II     104 
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I    1-31 

Less  cost  of  ore  shipped  to  London 
As  per  pro6l  and  loss  account      -  . 


Cosfs  at  Kalgoorlie  in  igoo. 

The  table  on  pp.  210  and  211  gives  the  Author's  estimate  of 
genera!  costs  in  19X),  at  seven  of  the  principal  mines,  based  upon 
the  "tonnage  treated"  in  each  case. 

The  considerable  variations  which  appear  in  the  total  costs 
may  be  explained  partly  by  differences  in  output,  which  is  more 
or  less  dependent  upon  the  capacity  of  the  reduction-plants  ;  but  is 
governed  as  well  as  by  the  relative  length,  width,  regularity,  and 
frequency  of  occurrence  of  the  ore-bodies  in  each  mine,  these  latter 
factors  all  influencing  the  "cost  of  development." 
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Variations  in  cost  are,  however,  partly  due  to  the  systems  of 
treatment  employed  at  different  mines  (more  particularly  for  deal- 
ing with  sulpliide  ore),  partly  to  the  proportions  which  the  quan- 
tities of  oxidised  and  sulphide  ore  mined  and  treated  in  each  case 
bear  to  one  another ;  and  partly  (as  regards  the  details)  to  the  way 
in  which  development,  maintenance  and  other  charges  are  treated 
by  the  diff'erent  companies. 

Under  the  head  of  "development,"  all  sums  arc  included  that 
are  chained  to  "  development,"  "  diamond  drilling,"  or  "  shaft-sink- 
ing " — whether  treated  as  capital  charges,  or  debited  to  "  revenue  " 
or  "  profit  and  loss  account,"  and  written  off  in  the  Balance  Sheet.  ■ 

Although  some  mines  spent  considerably  more  than  others  on 
"  development,"  it  must  be  borne  in  mind  that  by  so  doing  they 
presumably  added  to  their  "  reserves "  of  ore  to  a  more  or  less 
large  extent ;  and  whilst  some  companies  wrote  off  larger  sums 
than  others,  they  thus  as  it  were  provided  a  "  reserve "  fund  for 
future  requirements ;  and  thereby  strengthened  their  financial 
position  for  the  time  being. 

The  same  items  in  the  table  have  been  grouped,  as  far  as  pos- 
sible, together  under  each  head,  but  it  is  impossible  to  do  so  with 
absolute  exactness,  owing  to  the  different  way  in  which  the 
accounts  at  several  mines  are  subdivided  and  presented  ;  it  will, 
however,  I  believe,  be  found  sufficiently  accurate  for  all  practical 
purposes. 

The  general  rise  in  costs  in  1900  compared  with  1899  is  ex- 
plained by  the  fact  that  the  table  covers  a  transition  period,  viz. 
from  mining  and  treating  oxidised  ore  and  tailings  to  dealing  with 
a  combination  ofboth  oxidised  and  sulphide  ores  in  greater  or  less 
proportion ;  and  there  is  every  reason  to  suppose  that  the  cost  of 
handling  sulphide  ores  on  a  large  scale  will  be  considerably  re- 
duced, at  some  if  not  all  of  the  mines,  in  the  near  future,  for  reasons 
elsewhere  explained. 

In  the  following  table  (except  in  the  case  of  the  Kalgurli)  the 
tonn^e  of  ore  treated '\%  taken  as  a  basis  of  calculation  because  it 
offers  the  best  if  not  the  only  uniform  basis  of  comparison ;  the 
profits  of  each  mine  being  determined  by  scale  of  treatment,  and 
not  by  the  quantity  of  ore  mined. 

The  figures  therein  given  do  not,  however,  show  the  cost  of 
mining,  milling,  cyaniding,  etc,  when  calculated  upon  the  actual 
quantities  mined,  milled  or  cyanided,  in  each  case.     These  details  in 
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the  case  of  the  Golden  Horse-shoe  and  Perseverance  Companies 
are  furnished  in  the  footnotes,  and  full  particulars  in  other  cases  are 
given  in  separate  tables,  in  which  the  details  are  minutely  dissected. 
For  the  sake  of  illustration  however,  the  Great  Boulder  Pro- 
prietary may  be  taken  to  show  how  the  result  is  liable  to  be  in- 
fluenced by  these  different  methods  of  calculation  ;  the  ii^ures  given, 
which  all  relate  to  the  same  period  (viz.  1900),  it  should  be  pointed 
out,  are  exclusive  of  depreciation,  taxes,  or  London  office  expenses. 
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The  difference  between  the  cost  of  treating  oxidised  and  sul- 
phide ore,  as  above  shown,  is  not  perhaps  as  great  as  one  would  at 
first  expect ;  but  it  must  be  recollected  that  the  costs  of  develop- 
ment and  mining  are  calculated  on  one  basis,  viz,  the  gross  quan- 
tity- of  oxidised  and  sulphide  ore  extracted  and  sloped  ;  and  it  is 
possible,  that  to  develop  and  mine  similar  quantities  of  sulphide 
ore  alone  might  add  somewhat  to  these  items. 

At  the  Great  Boulder  Perseverance,  for  example,  the  cost  of 
mining  oxidised  ore  in  1930  came  to  js.  w6id.,  calculated  upon 
24,142  tons  mined,  and  to  7s.  i'44^.  in  1901  ;  whilst  the  cost  of 
mining  sulphide  ore  in  1900  came  to  13^,  i i-22d.,  calculated  upon 
22,yjy  tons  mined  ;  and  to  Ii.r.  11*851/.  ^^  1901. 

At  the  South  Kalgurli  Gold  Mine,  the  costs  for  July  were 
given  in  a  cable  from  the  manager,  dated  September  16, 1901,  as ; — 
oxidised  ore  mining,  lis.  y%d.;  sulphide  ore  mining,  igs.Z-^d. 
per  ton  ;  transport,  5-^1^.  The  quantities  treated  (as  cabled  on 
September  9)  being,  oxidised  340  tons,  sulphide  ore  1600  tons. 

The  annual  expenditare  upon  development  {disregarding  sums 
written  off,  which  are  purely  arbitrary)  is  a  charge  more  or  less 
likely  to  increase  with  depth,  as  in  the  harder  ground  more  ex- 
plosives are  required  for  a  given  footage  sunk  or  driven ;  besides 
which  the  cost  of  tramming  is  liable  to  grow  larger  as  the  number 
of  levels  increases,  and  in  proportion  to  the  extra  distances  that 
the  ore  has  to  be  trucked  and  hoisted.-  The  larger  amount  of  water 
that  is  liable  to  collect  in  the  workings,  and  the  greater  height  to 
which  it  has  to  be  pumped,  must  also  be  taken  into  account ;  whilst, 
as  is  well  known,  the  substitution  of  rock-drills  frequently  tends 
to  add  to  costs  per  foot  driven,  as  compared  with  hand-labour. 
On  the  other  hand,  however,  there  are  compensating  causes  which 
tend  to  neutralise  and  sometimes  reverse  this  upward  tendency 
in  cost,  for  as  time  goes  on,  the  labour  employed  becomes  better 
organised  and  more  highly  skilled  ;  so  that  better  progress  is  made 
per  man  per  shift.  The  more  rapid  development  rendered  possible 
with  rock-drills  reduces  the  cost  of  all  standing  chaises  per  ton 
mined  ;  and  as  the  workings  extend,  less  prospecting  work  requires 
to  be  done,  larger  outputs  become  possible,  and  larger  and  more 
economical  winding-engines  and  other  machinery  take  the  place  of 
the  less  efficient  plant,  with  which  smaller  mines,  in  their  earlier 
stages,  are  of  necessity  equipped. 

The  cost  of  mining  (stoping)  in  the  deeper  ground,  one  might 
expect  would  also  tend  to  become  more  expensive  than  in  the 
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upper  levels,  as  the  oxidised  ore-bodies  were,  as  a  rule,  of  greater 
thickness,  and  the  oxidised  ore  is  much  softer  than  the  sulphide 
ore ;  but  a  good  deal  depends  on  the  explosive  used,  the  way  in 
which  the  holes  are  placed,  the  method  of  stoping,  and  other  local 
governing  circumstances ;  and  as  the  pay-ore  in  this  field  is,  as  a 
rule,  better  defined  (i.e.  more  readily  distinguishable  from  mullock) 
in  the  sulphide  than  in  the  oxidised  zone,  less  worthless  formation 
has  to  be  broken  in  shooting  down  the  ore,  a  circumstance  which 
frequently  unavoidably  adds  considerably  to  the  cost  of  mining  the 
oxidised  ore ;  although  the  "  mullock "  broken  with  it  may  be 
useful  for  packing.  Besides  this,  labour  each  year,  as  before  said, 
tends  to  become  more  efficient,  whilst  the  formations  in  the  deeper 
levels  in  this  district  are  in  some  cases  a  handier  width  to  timber 
and  mine  than  they  were  near  the  surface  ;  and  the  cost  of  mining 
(stoping),  like  the  cost  of  development,  with  increased  outputs  is 
more  likely  to  fall  than  to  rise,  if  the  tonnage  treated  is  taken  as 
a  basis  to  figure  on. 

For  the  year  ending  December  31,  1901,*  the  mining  costs  at 
the  Golden  Horse-shoe  were  subdivided  as  follows  : — 


Superintendence,  elc. 
Miner*,  sloping 

„       vrinzes,  rises,  etc.  . 

„      guigwAys  ud  repaiifi 
Trucking 
Mullockiag 
Brace  and  plxtmen     . 
Hoisting  expenses 
Timbering  and  limbei  charges 
Rock-drills,  tool -sharpening,  etc 
Auaying  and  ^mpllng 
Explosives 
Compressed  air 
General  mining  expense)  and  storet 

Tolal 


*  71)e  cost  of  driving  and  stoping  ir 
shown  analjrsed  in  Table  XXXUI. 


n  August  and  September  1902  ii 
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Surface  Hautage.  —  Several  of  the  mines  at  Kalgoorlie  are 
connected  by  sidings  with  the  Government  steam  tram-line.  At 
the  Associated,  which  stands  on  a  hill,  an  endless  wire-rope  tram- 
way has  been  built  to  haul  firewood  from  the  railway  to  the  main 
boiler-floor,  but  drays  and  horse-teams  are  still  extensively  em- 
ployed ;  overhead  tramways  on  trestle-work,  operated  by  manual 
labour,  are  laid  to  the  waste-dumps.  These  latter  and  the  tailings- 
heaps  are  frequently  connected  by  tramways  with  small  shafts  sunk 
along  the  "  outcrops "  of  the  "  formations,"  which  are  used  for 
passing  down  "  mullock,"  etc.,  for  "  filling  "  in  the  stopes. 

At  the  Lake  View  Consols,  the  ore  hoisted  from  the  main 
shaft,  broken  in  the  stone-breaker,  is  raised  from  storage-bins 
beneath,  by  an  endless  wire-rope  bucket  tramway,  to  the  top  of 
the  mill.  At  the  Lake  View  South,  the  mill,  which  stands  on 
rising  ground,  is  connected  with  the  main  shaft  in  an  ingenious 
way,  by  a  tramway  laid  on  trestles,  set  at  such  a  grade  that  the 
trucks  landed  on  the  top  landing-stage  of  the  head-gear  will  run 
by  gravity  slowly  down  to  the  mill  rock  breaker-floor,  and  can  be 
returned  on  a  reverse  grade  to  a  lower  platform  on  the  poppet- 
legs,  which  are  built  sufficiently  high  to  allow  of  this  being  done. 

Surface  Illumination. — The  mills  and  surface-works  are  mostly 
lighted  with  arc-lamps  by  electricity,  generated  at  the  mines,  or 
supplied  by  the  Kalgoorlie  Electric  Power  and  Lighting  Company. 
At  the  Ivanhoe  mine,  Mr.  Hewitson  informed  me,  they  had  a 
dynamo  of  the  direct-driven  type,  manufactured  by  the  General 
Electric  Company,  of  New  York,  driven  at  tfio  revolutions  per 
minute,  with  duplex  steam-cylinders  6i  inches  diameter  by  5-inch 
stroke.  This  dynamo  is  a  20,000-watt  machine  (furnishing  182 
amperes,  at  iio  volts),  which  supplied  forty-three  3  2 -can  die -power 
lamps,  one  hundred  and  sixty-four  i6-candle-power  lamps,  and  two 
1 000- can  die-power  arc-lights.  The  total  cost  of  running,  main- 
tenance and  wages  averaged,  I  believe,  in  1900  about  4/.  per  diem. 

Shops. — The  larger  mines  do  their  own  repairs,  and  are  pro- 
vided with  lathes,  punching,  shearing,  slotting  and  drilling  ma- 
chines, and  wood-working  machinery.  At  the  Lake  View  Consols 
they  have  a  moulding-shop ;  and  a  steam-hammer  in  the  black- 
smith's shop ;  and  at  the  Great  Boulder  they  have  erected  a  small 
iron  foundry.  At  Hannan's  Star  the  changing  house  is  40  by  15  feet 
(capable  of  accommodating  150  men),  and  is  fitted  with  steam 
clothes-drier,  washing  troughs,  etc.  ;  whilst  other  mines  are  provided 
with  similar  accommodation  for  their  men. 
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CHAPTER  VIII. 

MILLING   PRACTICE  AT   KALGOORLIE. 

This  embraces  Stamp- batteries  and  Mills  for  wet-crushing  and 
amalgamation,  with  supplementary  cyanide  works  for  the  treatment 
of  "tailings,"  consisting  of  "sands  "  and  "  slimes"  ;  Drj-cnishing 
Cyanide  Works,  for  the  treatment  of  oxidised  ore  and  tailings  ;  and 
Sulphide  Works. 

Oxidised  Ore  Treatment. 

No  particular  difficulty  has  been  experienced  in  handling  this 
class  of  stone ;  although,  owing  to  small  and  inefficient  installa- 
tions, scarcity  of  water,  and  high  prices,  it  entailed  considerable 
cost  in  the  early  days  of  the  field  ;  and  no  doubt,  in  some  cases, 
there  were  heavj'  losses  of  gold  in  the  "tailings,"  Much  of  this 
gold,  however,  has  since  been  recovered  in  the  cyanide  works. 

In  recent  years,  with  larger  and  better-equipped  mills,  improved 
management,  and  cheaper  means  of  communication,  the  cost  of 
milling  by  wet  crushhig  and  amalgamation  has  been  brought  down 
to  more  reasonable  figures,  the  reduction  being  probably  even 
greater  than  it  appears  on  paper  ;  as  when  the  fields  were  first 
opened,  it  is  probable  that  the  tonnage  of  ore  crushed  was  not 
always  as  accurately  estimated  as  it  might  have  been,  a  larger 
tonnage  being  sometimes  milled  than  was  reported  as  put  through 
the  batteries. 

The  principal  metallurgical  difficulty  in  dealing  with  this  kind 
of  stone  arose  from  the  sUmincss  of  the  ore,  caused  by  the  presence 
of  silicate  of  magnesium,  alumina,  and  hydratcd  oxides  of  iron, 
which  Mr.  H.  P.  Woodward  stated*  have  been  estimated  to  amount 
to  over  40  per  cent,  of  the  entire  lode-stuflf".  He  has  also  expressed 
the  opinion  that  the  tailings  of  the  more  modem  mills  carried,  as 
a  rule,  net  more  than  8  dwt.  of  gold  per  ton,  which  in  some  instances 
was  probably  the  case  ;  and  in  view  of  the  nature  of  the  ore,  its 
richness,  the  fine  state  of  division  of  the  gold,  and  the  quality  of  the 
water  used,  this  cannot  be  considered  a  bad  showing. 
*  Trans.  Inst,  of  Miumg  and  Metallurgy,  vol.  vi.  p.  2a 
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Speaking  of  an  earlier  date,  however.  Baron  Sloet  van  Oidrui- 
tenboi^h  remarked  that  several  existing  heaps  of  tailings  carried 
"  3  of  an  oz.  to  2  oz.  of  gold  per  ton  "  ;  and  where  they  crushed  rich 
ore,  the  tailingsof  some  of  even  the  more  modern  mills  undoubtedly 
ran  much  above  8  dwt 

Some  interesting  experiments  made  by  my  friend,  Mr.  A.  C. 
Claudet,  M.  Inst.  M.M.,*  seem  to  show  that  the  percentage  of  ex- 
traction largely  depends  on  the  fineness  to  which  the  ore  is  crushed, 
as  whilst  he  obtained  an  average  extraction  of  jy  percent,  by  the 
amalgamation,  without  grinding,  of  3i  lb.  of  ore  (which  originally 
assayed  3  oz,  5  dwt.  1 2  gr.  per  ton)  in  a  pan  with  mercury  ;  7  ■  5  pei 
cent,  of  the  ore  left  on  a  40-mesh  sieve  only  yielded  i  -9  per  cent. 
of  its  gold  ;  12 '6  per  cent,  left  on  a  6o-mesh  sieve  yielded  15  per 
cent.  ;  21  "3  per  cent,  left  on  a  izo-mesh  sieve  yielded  70  per  cent ; 
and  586  per  cent,  of  the  sample  which  passed  a  120-mesh  -sieve 
yielded  93  •  3  per  cent. 

With  fine  crushing,  therefore,  it  is  not  unreasonable  to  suppose 
that  80  to  85  per  cent  of  the  gold  in  the  "  brown-stone  "  could,  in  cer- 
tain cases,  be  extracted  by  amalgamation  alone,  and  dealing  with  a 
low^rade  ore,  it  might  no  doubt  answer  better  than  allowing  the 
gold  to  escape  the  "  battery  "  and  "  plates,"  if  the  extra  recovery 
warranted  the  extra  cost  of  finer  crushing,  and  paid  better  than 
cyaniding  the  "  tailings  ";  but  with  an  oxidised  ore  originally  worth 
say,  li^  oz.  or  upwards,  as  the  tailings  would  be  still  worth  re- 
treating, even  with  an  85  per  cent  extraction,  it  would  scarcely 
pay  to  crush  too  fine,  as  the  extra  sliminess  of  the  tailings  would 
increase  the  difficulties  in  the  cyanide  works,  and  involve  the  use  of 
filter-presses,  which  are  always  expensive. 

Mr.  G.  J.  Bancroft  f  gives  a  screen  analysis  of  what  he  regarded 
as  a  typical  milling-ore  in  this  camp ; — 
Out  ol  loo-pBria — 
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49' 32 

.         passed  ihrough  loo 

•  '  Notes  on  the  Experimenlal  Treatmeni  of  a  Gold  Ore  froni  the  Hannan's  District, 
Western  Australia,'  by  A.  C.  Claadet,  A.R.S.M.,  Trans.  Inst,  of  Mining  and  Metal- 
lurgy, vol.  V. 

t  '  KaigDoilie,  Weslem  Australia,  and  its  Surroundings,'  by  Geo.  \.  Bancroft,  Tram. 
Am.  Inst.  <•/  Min.  Eitrs.,  vol.  nviii. 
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Following  which,  he  gives  a  chemical  analysis  of  a  similar 


Alumina 

Sulphur 

Copper 
I  (Carbonic  acid 
3  i  Oxreen  in  oxide  of 
^  I  Alkalies,  etc.  undetermined 


198 
9-86 


From  this  he  draws  the  deductions  : — (i)  That  the  50  per  cent 
of  "  slimes "  present  would  cause  trouble  in  leaching  (by  pack- 
ing), and  (2)  that  the  10  per  cent  of  lime  present  (irrespective  of 
magnesia)  places  clilorination  out  of  the  question. 

A  more  recent  analysis  of  a  sample  of  oxidised  ore  from  the 
Great  Boulder  mine,  air-dried,  is  given  as  follows,  by  Mr.  Robert 
Alien  :— • 

PelccU. 

Silica 66-8o 

Alumina  8 '44 

t'enicoiide '7' 39 

Magnetic  oxide  of  iron  0*46 

Lime 037 

Magnesia 0-i3 

Chloride  of  sodium 0*50 

Water  (com 'rined) 5-15 

Water  (moistD re)  balance     ....  Q"fi 


The  grade  of  the  ore  milled,  as  well  as  the  fineness  to  which  it 
is  crushed,  no  doubt,  to  some  extent,  influence  the  grade  of  the 
tailings  ;  and  the  character  of  the  water,  when  pumped  back  over 
and  over  again,  as  it  used  sometimes  to  be,  in  a  more  and  more 
muddy  condition  (owing  to  its  not  being  properly  "  settled  "),  apart 
from  any  injurious  action  the  salts  in  the  water  might  have,  con- 
tributed to  the  losses  referred  to  when  mining  was  first  started. 

Bei^rath  Schmcisser  appears  to  have  been  of  the  opinion  that 
only  about  55  to  60  per  cent  of  the  gold  was  saved  in  the  older 


■  •  Reduction  Plants  »nd  Process**  of  Reduction,  et 
Glasgow  International  Exhibition,  1901,  p.  17. 


'  Pamphlet,  Royal  Commission, 
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mills  ;  and  Baron  Oldniitenborgh  remarked  that  they  hardly  ever 
extracted  more  than  65  per  cent.,  and  then  only  when  dealing  with 
the  most  perrectly  oxidised  ores,  the  average  being  probably  about 
50  per  cent.  These  losses  may  be  ascribed  to  the  amorphous  un- 
amalgamable  (rusty)  state  of  some  of  the  ochreous  ore,  and  "  float 
gold  "  which  escaped  the  plates,  in  addition  to  a  certain  propor- 
tion nf  gold  locked  up  in  sulphides,  which  the  ores,  even  in  the 
upper  levels,  carried.  To  obviate  losses  of  this  sort,  some  of  the 
mining  companies  erected  Berdan  or  other  "pans,"  by  which  they 
succeeded  in  saving  an  additional  10  to  20  per  cent,  of  the  gold 
the  ore  originally  contained ;  whilst  "  blankets "  were  also  put  in, 
to  save  the  coarsest  sulphides  and  telturides  that  escaped,  as  well 
as  some  of  the  amorphous  gold.  By  these  means,  they  caught  a 
certain  quantity  of  concentrates,  worth  from  2  to  40  oz.  of  gold 
per  ton,  which  were  shipped  to  smelters. 

The  lai^est  batteries  at  this  period  contained  30  stamps,  more 
often  only  4  or  8,  or  5  to  10  heads,  which  crushed  from  1 J  to  2^ 
tons  per  stamp-head,  per  day — a  small  showing  compared  with  3J 
to  6  tons  per  stamp-head  crushed  in  recent  years  in  South  Africa 
in  mills  containing  from  50  to  280  stamps  each  ;  there  are  various 
reasons,  however,  why  it  would  not  pay,  as  a  rule,  to  put  through  the 
soft  "brown-stone"  found  in  Western  Australia,  so  rapidly  ;  partly 
because  its  exceptionally  clayey  nature  •  which  tended  eitherlo 
clog  the  mortar  and  plates,  or  involved  a  heavy  consumption  of 
that  most  expensive  commodity — water,  partly  because  its  much 
higher  grade  (when  compared  with  "  banket "),  mixed  as  it  is  with 
clay,  would  be  liable  to  entail  a  large  escape  of  fine  free  gold  with 
the  tailings.  This  affords  an  excellent  illustration  of  the  fact  that 
all  ores  cannot  be  treated  alike,  even  for  the  extraction  of  the  "  free  " 
gold,  but  require  the  method  adopted  to  be  modified  to  suit  special 
circumstances. 

The  following  table,  given  by  H.  C.  Hoover,!  shows  the  gradual 
growth  of  the  mining  industry  in  Western  Australia,  as  indicated 
by  the  size  and  number  of  the  then  existing  mills  in  each  district, 
the  tons  of  ore  crushed,  and  the  yield  in  1897  ;  but,  as  will  be  seen 
*  DiscDssiog  slimes-treatment  in  Soulh  Africa  in  the  Mintral  Indutlty,  vol.  vi. 
P'  345>  Mr.  W.  R.  IngaUs  sijs  that  ronnerljr  (crushing  Ibe  ore  IhrDu^h  30-mesh 
screens)  the  proportion  of  slimes  in  the  mill  pulp  wis  ZO  per  cent,,  wheletts  using 
33-mesh  scieeos,  il  amounli  to  about  30  per  cent. 

t  'The  Working  Coit  of  West  Aostialian  Mines,' ^(H»-ii//'t^j/0'>^'o).vi.  p.  335. 
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later,  as  the  tonnage  crushed  has  increased,  the  grade  of  the  ore 
milled  has  naturally  fallen. 

n;.,  ■„  No.  of      No.  of      No,  3    i    ^V^.  Tottl        Ji!^ 

■  Stamp*.      MUli.      SiuoK      r,^_i        T^"'''-        t^S 


■ 

. 

«. 

dwt. 

Coolgardie    .         .         ,         .          329 

^4 

13-3 

i  9.196I 

8,684l 

x%\ 

tist  Coolgardie  (Kalgoorlie) 

265 

IS 

17-6 

|i8.402i 

3'. 735 

34*' 

Nonh  East  Coolgardie    . 

181 

■6 

ii'4 

'  4..23i 

3>729i 

■8 

Broad  Arrow 

3C6 

'5 

«3'7 

a.  632 

i.79«i 

•3* 

North  Coolgardie 

3'8 

24 

13-2 

2,665 

5,284 

39S 

Mount  Magnet 

■  28 

'3 

9-8 

a.752| 

S.'45i 

37* 

Yilgam 

"S 

^ 

17-8 

2,855* 

1.148* 

8 

DundM 

1S6 

16 

Ii'6 

2,631 

2,797* 

ill 

MuTchison     . 

1      445 

33 

"3'4 

6,788i 

7.802* 

221 

East  Morchison 

!      48 

4 

I2-0 

1,949* 

'2,907* 

29i 

Valgoo 

1      40 

s 

8-0 

S:6 

644* 

24S 

Pilbam 

1        '5 

2 

7-S 

407» 

603I 

2g{ 

Peak  Iini      . 

zo 

lo-o 

1    447 

•.734 

771 

Noriham       . 

80 

• 

800 

_."_ 

ToUls 

2,387 

"77 

13-4 

SS.367* 

74,<»^ 

261 

In  addition  to  "dry-crushing"  mills,  two  somewhat  different 
types  of  wet  crushing  and  amalgamating  machinery  have  been 
employed  in  milling,  viz.  ordinary  stamp- batteries,  and  Huntington 
mills. 

Huntinglon  Mills  have  done  excellent  work,  both  at  the  North 
Boulder  mine  where  they  were  first  introduced,  and  at  the  Oroya, 
which  latter  "plant," consisting ofthree" mills," crushed  26,715  tons 
in  1899  for  a  yield  of  9829  oz.  of  bullion.  Between  September  i, 
1896  (when  crushing  commenced)  and  November  30,  1896,  the 
North  Boulder  Company  treated  in  its  old  original  mill  785  tons 
of  ore  for  a  yield  of  1789  oz.  1 8  dwt.,  giving  an  extraction  of 
2  oz,  5  dwt.  14  gr.  per  ton,  with  a  loss  as  shown  by  assay  of  10  to 
14  dwt.  in  the  tailings,  representing  a  yield  of  69  to  78  per  cent. 

*  The  average  yield  of  Ihe  East  Coolgardie  field,  up  to  December  1896,  ii  reported  to 
ha\'e  been  3  oz.  5  dwt.  23  gr.  per  loo  ;  whilst  the  total  production  from  quartz  mines  in 
West  Adittalia  is  given  as  323,091  tons,  stated  to  have  yielded  494,038  01.  and  16,873 
01.  from  an  naknown  quantity  of  ttonc  crushed ;  being  >n  average  of  I  oi,  3  dvrt.  31  gi. 
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The  results  of  this  trial  were  deemed  so  satisfactory  in  point  of 
extraction  and  cost,  that  another  5-feet  "  mill "  was  bought,  and 
this,  together  with  the  old  one,  continued  to  be  employed,  with  the 
"  stamps  "  which  were  afterwards  added  to  the  "  plant." 

The  comparative  slowness  of  its  discharge,  and  the  rubbing 
action,  to  which  the  "  free-gold,"  and  "  gold-in-combination  "  with 
other  minerals,  is  subjected  in  a  Huntington  mill,  the  Author  is 
inclined  to  think,  give  it  an  advantage  over  stamps  so  far  as 
regards  "extraction,"  when  treating  an  ore  like  the  Kalgoorlie 
"  brown -stone." 

To  sum  up  their  merits:  Mills  of  this  type  are  excellent 
amalgamators,  are  comparatively  cheap  and  simple  to  erect,  and 
take  less  time  to  put  up  than  "  stamps  " ;  enabling  a  mine  when  tn 
the  stage  of  a  "  prospect  "  to  get  to  work  quickly,  prove  its  value 
on  a  milling  basis,  and  earn  profits  when  it  could  not  perhaps 
afford  to  stand  the  cost  and  delay  which  would  be  entailed  by 
erecting  a  large  "  battery " :  moreover  mills  of  this  kind  require 
little  power,  and  are  cheap  to  run.  They  are  not,  however,  to  be 
compared  with  "  stamps "  for  large  outputs,  or  for  dealing  with 
hard-ores,  as  the  capacity  of  a  5-feet  mill  may  be  reckoned  at  be- 
tween 12  and  14  tons  per  24  hours,  if  fine  screens  are  used,  when 
any  considerable  quantity  of  unoxidised  ore  is  mixed  with  the 
stone  crushed.  A  Huntington  mill  will,  however,  put  through  17  or 
18  tons  of  softer  mill-rock  ;  and  would  probably  crush  more,  with 
careful  feeding  and  coarser  screens,  if  the  stone  is  first  broken  in 
the  rock-breaker  to  a  fine  size. 

At  the  North  Boulder,  the  Huntington  mills  are  provided  with 
automatic  feeders  (the  ore  being  previously  broken  in  a  stone- 
breaker,  and  passed  through  a  griazly).  The  ore,  after  it  is  crushed, 
passes  over  a  length  of  9  to  10  feet  of  silver-plated  copper  tables, 
5  feet  in  width  ;  one  table  is  broken  by  a  "  drop  "  of  2  inches  and 
a  shallow  "well";  whilst  the  other  has  a  double-drop  "well"  in 
the  middle,  and  a  drop  of  6  inches  at  the  foot  of  the  second  plate. 
The  "  plates  "  have  an  inclination  of  about  i  ■  3  inches  per  running 
foot,  and  additional  clear  water  is  supplied  by  a  perforated  pipe  at 
the  head. 

Below  both  mills,  there  are  a  set  of  blanket-tables,  1 1  feet  in 
length  and  5  feet  in  width,  each  divided  into  four  strakes,  pitched 
on  a  grade  of  about  i  -4  inches  per  foot ;  which  are  used  to  collect 
any  free  gold  or  amalgam  that  might  escape  the  mills.    The  screens 
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mostly  used  are  No.  40  diagonal-slot,  without  any  "  burr,"  and  the 
mills  are  run  at  65  to  70  revolutions  per  minute  ;  they  are  charged 
with  about  70  lb.  of  mercury. 

The  cheapness  with  which  mills  of  this  class  can  be  operated 
is  shown  by  the  results  that  are  said  to  have  been  achieved  at  the 
Spanish  mine,  Nevada  County,  California,*  and  the  cost  at  the 
Oroya  mine  at  Kalgoorlie  is  shown  in  the  table  below  : — 

Twelve  MoDlIu  to         Six  Month!  u 


Scpteoibci  39,  i&M, 

M.tch  3,,  15 

Tons  crushed     . 

SS.*34 

13,601 

..    d. 

Wages,  cost  per  ton     . 

3    S 

4    0 

Water 

2    0 

I    8S 

Wood 

I    5i 

I     6} 

Supplies,  etc  ,. 

■    Si 

7  "i 

8    9 

Tw^.e  Mootlu  10 

M«di  3..  .901. 

Tons  crushed    . 

7,684 

MiUE.p»«. 

Cut  per  Tod 

£      >■   d. 

J.       J. 

Wages     . 

1,36a  15  10 

3    6-565 

Water      . 

673    7  10 

t    9  032 

Fuel 

630  16    9 

1    7-703 

Assays     . 

S3    2    7 

c    1-659 

Plant  repairs,  etc.      . 

35    8    3 

0    a -667 

Timber,  fodder,  etc. 

14    9     4 

0    0-4SI 

Stores       . 

'  365  16    4 

0  II -435 

3135  16  II  S  3'S03 
The  cost  of  treatment  in  Huntington  piills  on  a  large  scale  at 
North  Boulder  cannot  be  given  exactly,  as  being  "  a  composite 
mill"  (containing,  as  previously  mentioned,  "stamps"  as  well  as 
Huntington  mills)  the  cost  of  labour,  water,  fuel,  etc.,  used  separately 
by  each  class  of  machinery,  can  only  be  estimated  approximately. 

The   following  particulars  will  serve  to  illustrate  the  different 
features  of  milling  practice  in  the  district 

Typical  Milling  Plants. 

The  Lake  View  so-stamp  battery  t  (Fig.  44),  which  the  Author 
I,  seemed  a  well  erected  and  arranged  plant,  besides  being 


saw  m  I  i 

at  that  time  the  largest  on  the  field.  The 


*   '  The  Choice  of  Coarse  and  Fine-Crushing  M: 
ment,'  by  the  Author,  Trant.  Ftilitaled  Inst,  of  Mi. 

t  This  battery  his  recently  (1901]  been  re-modelled  for 
the  Diehl  process,  as  described  in  fbe  next  chapter. 


was  crushed  in  a  "Gates 

nery  and  Processes  of  Ore  Treat- 
1- «,«,„„,,  vol.  vi. 

of  sulphide  ore  by 
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— 

'           TwtlvE  Momh* 
1         toAugu«3..  .aj8. 

57.7*5 

Ti«1»e  M««h. 
loAiigurtsi.  i»99- 

Si,S66 

Ri<  Monllu. 

1    Stpt.  .awl■>^■«t■■9~■ 

Tons  Itealed  . 

|             11,994 

BuUi.-n  produced     . 

64.695-615 

56,5o6"-475 

1         6,385-130 

Fine  goW        ■ 

63.72i'293 

54,910-279 

5.995-481 

Standard  gold 

68,47i-3i5 

59,901  121 

6, 540 '527 

Fine  silver 

594-51 

658  580 

104-38 

Yield  per  ton  . 

T  T'rfi 

13     '9 

dwt    .gT. 

10    16 

j          y;        .,       rf. 

(.          1-      ■•/■ 

!         £      :   a- 

Total  value 

265,939  ij    6 

232,478  12    9 

25.43«    4    3 

Value  per  ton. 

4  '2     .-68 

2  16    95 

2    2    4-S 

OI.  . 

4    3    a-44 

4    2     3-4 

3  "9    7-8 

Cost  per  Oi.    . 

1              □    9    0-16 

0    9  11-4 

1    0    3-3 

Iflkt  Vkw  Comol^ 

TowlCwt. 

pj 

■i-R,^ 

Toul  Cott, 

Con        ^     , ,. 
per  Ton.      ^'"»' ^* 

'-  .??L, 

Superintendence  and 

amalgamation      . 
Engine  driving  and 

firing  . 
Feeding. 

1.795     7    0 
1,808  .5    5 
1,008    s    5 

'^ 

il.       .          £       : 
7-464    1,717  16 

7-520      983    7 
4-192      511    0 

j'.,.      d-            £    '■ 
40     5-036:  568  18 

40     2-883    467  13 
00    1-498    15815 

9  0  11 -384 

3'°    9-358 

Al lending  concen- 

1,424  1*    8 

0 

5*923'   '.363  15 

6q    3-988   268    4 

0  0    5-367 

Handling  tailings 
General  repairs 

'.754  »9    5 
1,378  11    7 

° 

7-297    1,271    16 

S-732J  I.59S    5 

I'o    3728  250    I 
30    4-677  246    5 

2  0    s  004 

4J  0     4-928 

Assaying,    retorting 
and  nitlting 

300    0    9 

° 

1-248      291    9 

no    0-854'    76    4 

6   0     1-525 

Breaking  and   tram- 
ming . 

3.469  13    " 

2-425  5.336  10 

O;!      3  645,1396    13 

2   B    3-y47 

runiping  return- 

2.335    4    6 

„ 

9-709  3.369  S 

SO    9-877'  416    5 

40    t-329 

Mercuy          .         . 

349    0  II 

0 

1-451 

298    3 

60    0-874     25  " 

6   0    0-512 

Water,  salt     . 
Fuel       . 

4.513  '2    2 
1,165     7     8 
3,282    2    a 

j 

6  766 
4-845 
1-646 

|5-939    2 
1.548  17 

4^1    5-4ii!ii38  17 

10    4-541   535    7 

3   I  10-788 

2    0    IO'7I2 

Screens,   shoes  anil 
dies    . 

■ 

490    0 

60    1-437   133  '3 

6  0    2-675 

(General  stores 
Electric  Ugtit  . 
Cleaning  up    .         . 
Realisation  chaiieei . 

891    IS     2 
603  13    6 

3.07s  16    9 

!1 

3-708 
2510 

0-788 

215    6 
7/6  17 

2,420    6 

4'o    0-631I    41    7 

90    2-277    271   18 

..       1  172  14 

73   .7-096   278    2 

ii'6  10-4636446  .2 

2  0  0-S28 
7I  0  5-442 
0  0    3-456 

4   0     5-565 

TolalB      . 

29,156  18     I 

1-224 

28. 128  19 

010  ■8-996' 

re  incurred  in  cleaning  up  in  March  and  April. 
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type  "  crusher  at  the  shaft,  and  elevated  by  a  travelling  wire  rope- 
way with  buckets  to  the  top  of  the  battery  building,  where  it  was 
trammed  and  dumped  into  a  line  of  bins  at  the  back  of  the  stamps. 
The  stamps  weighed  900  lb.,  had  a  fall  of  6  inches,  and  were  run 
at  90  drops  per  minute.  They  were  driven  by  a  compound  engine 
with  cotton  ropes  running  in  grooved  pulleys.  The  ore-feeders 
were  of  the  Challenge  pattern,  and  it  is  stated  that  4  tons  per 
stamp  head  or  2C0  tons  per  diem  were  being  crushed  in  the 
autumn  of  1898.  The  gold  was  caught  on  amalgamated  copper 
plates  and  canvas  strakes,  whilst  the  tailings  which  were  saved 
were  treated  by  cyanide,  as  described  later. 

It  may  be  added  that  this  combined  treatment  is  stated  to  have 
saved  90  per  cent,  of  the  gold  the  "  brown-stone "  contained. 
Results  and  details  are  given  in  the  accompanying  tabular  state- 
ment, covering  the  period  from  August  1897  to  February  1900. 

The  Ivanhoe  Battery  (Fig.  45),  for  a  description  of  which  I 
am  largely  indebted  to  Mr.  Hewitson  through  the  courtesy  of  the 
Directors  of  the  Company,  originally  contained  60  stamps  driven 
by  toothed  gearing,  provided  with  clutches  for  every  10  heads. 
The  oxidised  ore  was  crushed  in  a  No.  5  Gates  crusher,  having  a 
nominal  capacity  of  400  tons,  and  was  delivered  by  an  overhead 
tramway  to  the  battery  bins,  from  which  it  was  fed  to  the  stamps 
by  Challenge  feeders,  the  feeding  stamp  being  No,  5.  The  ore  was 
crushed  through  punched  i6-mesh  Russia-iron  screens  (i.e,  256 
holes  per  square  inch),  and  the  "pulp"  passed  over  12  feet  of 
amalgamated  copper  plates  with  a  fall  of  £  inch  to  the  foot ;  a 
dtstributii^  launder  thence  conveyed  it  to  canvas  strakes  40  feet 
in  length  and  23  inches  wide,  with  a  fall  of  i\  inches  per  foot, 
which  were  swept  down  every  hour  with  clean  water,  two  men 
being  thus  kept  fully  employed.  The  concentrates  thus  collected, 
representing  about  2*oo  per  cent,  of  the  original  ore,  and  assaying 
12  oz.  per  ton,  were  stored  and  dried  for  subsequent  treatment. 
The  milMailings  were  handled  by  a  double  12-inch  plunger  "  tail- 
ings-pump."    Mercury  was  added  inside  the  mortar-boxes. 

The  mortar-boxes  weighed  2  tons  17  cwt.,  were  4  feet  6  inches 
long,  14  inches  wide,  and  9  inches  deep  at  the  point  of  discharge. 

The  stamp  stems  were  13  feet  long,  %\  inches  diameter,  tapered 
at  both  ends,  fitted  with  screw-tappets,  and  weighed  372  lb.  The 
heads  were  15  inches  by  9^  inches,  and  weighed  2461b. 

The  tappets  were  9  inches  in  diameter,  and  weighed  98  lb. 
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The  shoes  were  10  inches  by  9  inches,  and  weighed  184  lb., 
making  the  total  weight  of  the  stamp  900  lb.  The  dies  were 
9  inches  by  7  inches,  which  gave  a  4-inch  discharge  when  new,  and 
they  weighed  168  lb. 

The  wear  on  the  shoes  was  reckoned  at  '19  oz.,  and  on  dies 
■  14  oz,  of  metal ;  representing  a  cost  of  i  •  i6(/.  per  ton  crushed. 

The  duty  in  1900  amounted  to  3*7  tons  of  ore  crushed  per 
head,  per  24  hours. 

The  mill-engine  is  a  compound  steam-engine,  with  Frell  valve- 
gear,  made  by  Martin  and  Co.,  of  Gawler,  South  Australia,  the 
cylinders  being  12  inches  by  20  inches  diameter,  with  a  36-inch 
stroke,  and  was  supplied  with  steam  by  four  Cornish  boilers  24  feet 
by  6  feet  6  inches,  provided  with  eight  Galloway  tubes,  and  tested 
to  220  lb.  pressure  per  square  inch,  the  usual  working  pressure 
being  100  lb.  per  square  inch.  Power  is  transmitted  by  ten  hemp 
ropes,  each  i  \  inches  diameter. 

The  labour  employed  per  shift  consisted  of  one  battery-feeder, 
one  man  looking  after  the  "  tables "  and  general  mill-work,  and 
two  men  on  the  canvas  strakes. 

The  screens,  which  measure  4  feet  7  inches  by  I  foot,  lasted 
about  one  week,  using  Russia  sheet-iron,  16  mesh. 

The  cost  of  mercury  was  reckoned  at  0'6s8(/.  to  2d.  per  ton 
milled. 

The  relative  proportion  of  sands  and  slimes  in  the  battery 
pulp  was  approximately  50  per  cent,  sands,  48  per  cent,  slimes, 
and  2  per  cent,  concentrates,  in  1S99  i  ^^^  5 '  P^r  cent,  sands,  and 
49  per  cent,  slimes,  in  1900. 

The  recovery  by  battery-amalgamation  in  1898  was  estimated 
at  64  89  to  70-2  per  cent,  of  the  total  gold  contents  of  the  ore  ; 
in  i899,at66'35  per  cent,  of  the  fine  gold  contents,  2' 07  per  cent, 
additional  being  recovered  in  the  concentrates  ;  whilst  in  1900 
the  fine  gold  recovered  in  the  mill  amounted  to  58 ■85  percent., 
and  6'24  per  cent,  additional  was  obtained  from  concentrates  and 
sulphides.  The  cost  of  milling  in  1899  is  officially  stated  to  have 
been  %s.  0*8361/.  per  ton  of  ore  (4^.  y2%^d.  per  oz.  of  bullion), 
exclusive  of  ore-breaking,  which  cost  \s.  y ifi^d.  per  Ion;  cal- 
culated upon  59,664  tons  milled,  which  yielded  70,774  oz.  10  dwt. 
12  gr.,  or  an  average  of  i  oz.  3  dwt.  17  gr.  per  ton.  In  1900,  74,372 
tons  of  ore  were  crushed  for  a  return  of  64,921  oz.  15  dwt.  of 
bullion,  or  an   average   of  17  dwt.  11  gr.  per  ton.      The  cost-  of 
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milling  came  to  5J.  S'lUd.  per  ton  of  ore  crushed,  or  fij.  z-%^^d. 
per  oz.  of  bullion  recovered,  ore-breaking  costing  \s.  l-li^d. 
additional.  Thirty-five  per  cent,  of  the  ore  crushed  came  from  the 
lower  levels  of  the  mine,  and  the  amount  of  concentrates  caught 
increased  50  per  cent.,  as  compared  with  1899,  viz,  from  ig  cwL  to 
30  cwt.  per  diem.  The  above-mentioned  costs  were  distributed  as 
follows : — 


Labour        .... 

4,807  II  II 

■    7-338 

1.S30    060    6-I5S 

Salt  water  .... 

1,869  14    9 

0    7-Sai 

Tailingi  uid  returning  wat». 

1,090  15    9 

0    4-38S 

Fnd 

3,44S    «    S 

I     1-858 

301  13    5 

0    iai3 

Stores         .... 

MS  10    7 

0    0-919 

Repurs  and  renewals    . 

.,850    8  10 

0    7-444 

I  3-611 
o  6-879 
o    8- 585 


I    o-t8i 

S    S'33S 


The  milling  practice  at  these  works,  it  will  be  seen,  was  more  or 
less  the  same  as  the  treatment  of  the  oxidised  ore  at  Lake  View. 

TAe  Golden  Horse-shoe  Battery  (Fig.  46)  originally  contained 
20  heads  of  950-lb.  stamps,  but  was  increased  in  1899  to  30  heads, 
to  enable  it  to  cope  with  the  larger  tonnage  the  mine  was  found 
capable  of  producing;  whilst  in  1900  it  was  further  enlarged  to 
50  heads.  The  duty  of  the  stamps  was  4*404  tons  per  head  in 
1899  and  4-695  tons  per  head  in  1900,  and  the  capacity  of  the 
plant  was  estimated  at  6000  to  7030  tons  per  month.  Experi- 
ments made  iu  1899  were  stated  to  have  proved  that  an  undue 
proportion  of  gold  was  locked  up  in  the  tailings  leaving  the  mill, 
and  that  fine  grinding  was  necessary,  before  the  maximum  ex- 
traction could  be  obtained. 

The  following  line  of  treatment  was  therefore  decided  upon  : — 

The  ore  delivered  to  the  mill  was  dumped  upon  two  grizzlies 
with  bars  set  2  inches  apart,  and  the  coarse  portion  was  crushed  in 
two  No.  3  Gates  rock-breakers.  The  breaker-product,  and  the 
"  fines  "  from  the  grizzlies,  passed  into  a  storage-bin  holding  about 
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200  tons,  and  were  thence  trucked  to  the  supply  bins  behind  the 
batteries,  from  which  the  ore  was  delivered  automatically  by  Chal- 
lenge feeders  to  the  stamps ;  30  of  these  were  of  Fraser  and 
Chalmers'  pattern,  and  the  remaining  20  were  built  by  Martin 
and  Co,  of  Gawler.  They  had  a  7-inch  drop,  falling  95  times  per 
minute.  The  contents  of  a  truck  was  dumped  half-hourly  from  the 
battery-bin  floor  into  a  sampling-machine,  which  sampled  about 
24  tons  per  diem  down  to  about  7^  cwt.,  making  six  equal  cuts. 


Fig.  46.— The  Goldbn  Horse-shoe  5o-Stamp  Battery  (Interioh). 

This  bulk  sample  was  broken  down  by  a  laboratory  breaker  and 
rolls,  from  which  a  final  assay  sample  was  obtained.  Amalgama- 
tion took  place  both  inside  and  outside  the  mortar-boxes. 

The  pulp  discharged  from  the  stamps,  passing  through  24-mesh 
woven  wire  screens  (according  to  a  sizing  test  given  by  Mr.  Robert 
Allen),*  had  the  following  composition: — 

Remaining  on  a    so-mesh  screen     .         ■  i  -8  per  cent. 

Passing  through  too  „  .         ■         gz'l       „ 

*  'A  Description  of  the  Reduction  Plants  and  Processes  of  Reduction  in  some  of 
the  Principal  Kalgoorlie  Gold  Mines,'  by  Robert  Allen,  M.A.,  B.Sc.  Royal  Com- 
mission, Glasgow  International  Exhibition,  1901,  Western  Auslralia. 
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It  was  then  distributed  over  the  copper  plates  and  a  set  of  canvas 
strakes  below  them,  which  were  the  full  width  of  the  batteries. 

These  strakes,  which  were  25  feet  long,  caught  any  fine  sul- 
phurets  (representing  about  I  per  cent,  of  the  ore)  that  the  stone 
contains. 

The  tailings  (sand  and  sUmes)  were  elevated  after  this  treatment 
by  four  Comish  tailings-pumps  (working  two  at  a  time),  to  ten 
S-feet  Wheeler-type  grinding-pans,  having  a  continuous  overflow,  in 
which  the  battery  tailings  were  ground  finer,  and  the  gold  was  amal- 
g3^^ated  before  being  discharged  into  five  5-feet  diameter  settlers, 
which  collected  the  escaping  mercury  and  amalganH,  prior  to  the 
general  clean-up. 

The  pans  were  fitted  with  amalgamated  tiopper  plates,  but  most 
of  the  gold  was  caught  by  the  mercury  with  which  they  were  charged. 
Of  the  total  gold  recovered,  58  per  cent  was  reckoned  to  be  saved 
by  amalgamation,  and  the  balance  in  about  equal  proportions  from 
the  sands  and  stimes  treated  by  cyanide,  as  described  later  on. 
The  average  total  extraction  was  about  90  per  cent 

The  cost  and  results  in  1900  are  given  in  detail  in  the  accom- 
panying tables : — 

Battiry  Treatment,  1900. 

TonsUetted 67,095 

Bullion  piodnced,  oz 67,>i9-575 

Finegold 63.9ai*i73 

Slandud  gold 69,731-183 

V«lue jfa7i."23    7  " 

Yidd  per  ton  (bullion)  01. t  '003 

Value  per  ton   ...'....         j£4    o    9*840 

Value  p«  01 40    7'9ao 

Cost  per  oz 07    9*120 

Giou  coO.  Com  per  loo. 


SuperiDtenilence  And  anulgomation  It770  16    S        o    6'334 

Engine-driving,  firing,  etc  z,i9S    96        o    7*053 

Feeding 4S5  17     1        o    1*738 


Conceninites 1,351    83  o  4'478 

Tailing  wheel 518    7    3  o  i'8S4 

Assaying,  letorting  and  melting           .  230  13     1  o  0*825 

Breaking  and  tramming               .         .  1,842  13    9  o  ^'593 

Return  water 1,897    o    "  O  ^'V^ 

Mercury 487  10    6  o  ■'744 

Fuel 3,871    S    9  I  1*848 

Water,  salt 21627  11    5  O  9399 

,,      fresh 2,688    99  o  9*617 

Screens,  shoes  and  dies  509  I2    5  o  1*823 

Electric  light 46428  01660 

Compressed  air          ....  215  15  10  o  0*772 

General  maintenance  and  repairs  2,037  "7  *■  7*288 

Pan  amalgamation     ....  305  iS  lo*  o  1*094 

Realisation  charges    ....  2,682    2  10  o  9*595 

26,083    82  7  9'30i 

*  Four  months'  cost  only. 
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The  North  Boulder  \o-liead  Battery  (Fig.  47),  besides  the 
Huntington  mills  already  described,  contains  an  improved  Blake 
stone -breaker,  which  cubes  the  ore  to  2  inches,  the  grizzlies  being 


Fig.  47. — North  Bouldbr  Mill  (Battery  and  Kruk-Vansers). 

arranged  to  correspond  ;  alsoore-bins,  two  Challenge  feeders,  and 
ten  950-Ib.  stamps  of  Fraser  and  Chalmers'  pattern,  ordinarily  run 
at  80  drops  a  minute,  with  a  drop  of  4  inches  to  6  inches. 
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They  piit  through,  on  the  average,  about  2  tons  per  head  per 
diem  under  these  conditions,  but  if  the  output  of  the  mine  had 
been  on  a  larger  scale,  by  increasing  the  speed  to  85  and  the 
drop  to  8  inches,  keeping  the  dischai^e  low,  and  using  coarser 
screens,  their  capacity  could,  without  doubt,  have  been  largely 
increased. 

The  explanation  why,  apart  from  other  reasons,  early  advantage 
was  not  taken  of  this  obvious  means  of  cheapening  the  cost  of 
milling,  was  the  fact  that  with  slower  drops  and  high  discharge,  a 
higher  battery  extraction  was  secured  ;  which,  before  the  Company 
possessed  cyanide  works,  was  a  matter  for  consideration  when 
dealing  with  rich  ore. 

The  stamps,  it  may  be  mentioned,  are  furnished  with  gib- 
tappets.  The  mortars  are  provided  with  false  bottoms  for  regu- 
lating the  dischai^e,  and  with  "  chuck-blocks  "  of  suitable  height 
to  compensate  for  the  wear  of  the  dies.  They  are  fitted  with 
copper  plates  front  and  back,  and  the  top  panels  of  the  screen- 
frames  were  intended  to  be  left  open,  and  hung  with  a  strip 
of  canvas,  to  allow  the  amalgamator  to  remove  chips  of  wood 
accumulating  behind  the  screens.  The  screens  are  planished 
Russia-iron,  reckoned  at  300  holes  to  the  inch. 

The  ten  stamps  and  the  Huntington  mills  formerly  used  about 
4000  gallons  of  water  per  hour,  which  is  high,  considering  the  low 
"  duty  "  of  the  battery  ;  but  this  is  partly  attributable  to  the  clayey 
nature  of  the  "  brown-stone  "  and  the  small  screen-mesh,  and  partly 
to  the  use  of  blankets. 

The  apron-plates,  which  are  electro-plated,  are  12  inches  in 
length,  and  the  pulp  at  the  end  drops  about  6  inches  through  a 
grating  on  to  the  head  of  the  tables.  The  plates  on  these  latter 
are  also  electro-plated,  12  feet  in  length,  and  the  same  width  as 
the  top  ones,  divided  in  the  middle  by  a  double-drop  mercury- 
well,  and  provided  with  a  similar  "well"  at  the  end.  They  are 
set  on  a  grade  of  about  I  \  inches  per  foot,  which  is  steeper  than 
usual,*  Following  these  amalgamatirig-tables,  a  set  of  blanket- 
tables  8  feet  4  inches  long,  set  on  a  grade  of  i  \  inches  to  the  foot, 
were  used  to  catch  the  "  pyrites,"  which  the  stone  carries  in  .small 
quantities  ;  but  were  afterwards  replaced  by  Frue  vanners,  and  the 

•  Dana  Harmon,  Froc.  Taknical  Soci/!y  of  tht  Pacific  Coast,  September  7,  1900, 
advocates  even  steeper  tablet,  viz.  >  grade  of  2*5  inches  per  fool,  with  tiO'5  step  drop 
everj  3  feet,  and  lip-plales  set  on  a  gniilc  of  4  inchei.  ~  Mining  and  Sc.  Pras, 
December  t,  I909. 
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tailings  are  elevated  and  passed  through  spitzkasten  or  hydraulic 
classifiers,  to  separate  the  sands  treated  in  the  cyanide  works,  from 
the  slimes. 

This  machinery,  including  the  Huntington  mills,  is  driven  by  a 
65  horse-power  Fraser  and  Chalmers  i4-inch  diameter  single- 
cylinder  engine  with  a  28-inch  stroke,  which  was  designed  to  supply 
surplus  power  if  the  battery  should  be  enlarged.  Steam  is  sup- 
plied by  a  pair  of  Fraser  and  Chalmers'  4  feet  by  14  feet  multi- 
tubular boilers,  and  a  large  Cornish  boiler,  built  by  Martin  and 
Co.,  of  Gawler.  The  exhaust  steam  from  the  engines  passes  into 
the  bottom  of  a  "  superheater "  2-feet  6-inch  diameter,  and  8  feet 
high,  containing  a  number  of  2-inch  tubes,  which  heat  the  water 
circulating  outside  of  them,  before  allowing  it  to  pass  to  the  mud- 
drums  of  the  boilers.  The  steam  which  issues  from  the  "  super- 
heater "  is  partly  used  for  driving  the  mill-water  supply-pump ; 
whilst  the  remainder  goes  to  a  Wheeler  condenser.  The  water  from 
the  Wheeler  condenser,  with  the  addition  of  water  from  the  fresh- 
water condenser-plant,  is  pumped  by  a  Knowles  No.  4  pump 
(3i  inch  by  7  inch)  through  the  "superheater"  and  mud-drums 
to  the  boilers. 

The  mill-water  (salt)  is  pumped  up  to  a  large  supply-tank,  with 
a  capacity  of  about  8000  gallons,  by  a  couple  of  Knowles  pumps, 
one  having  a  /^-inch  plunger  with  a  loinch  stroke,  the  other  a 
4i^inch  plunger  and  8-inch  stroke.  This  water,  however,  became 
over-heated  in  passing  (as  part  of  it  does),  through  the  Wheeler 
condenser,  and  to  obviate  this  it  was  proposed  to  erect  a  Barnard 
"  cooling-tower,"  with  the  object  of  producing  a  better  vacuum  in 
the  condenser,  and  regulating  the  temperature  of  the  battery-water, 
which  is  liable  to  get  much  too  hot ;  a  temperature  of  about  65°  F. 
being  generally  considered  the  best  to  keep  it  at 

From  samples  the  Author  took  in  1898,  the  "blanketings" 
from  this  mill  may  be  reckoned  to  have  assayed  from  9  dwt.  14  gr. 
to  3  oz.  5  dwt  8  gr.,  and  even  as  high  as  7  oz.  9  dwt.  1 1  gr. ;  the 
first  were  from  the  Huntington  mills,  whilst  the  two  higher 
returns  were  from  the  stamps,  and  this  difference  is  no  doubt 
explained  by  the  fact,  that  whilst  the  mills  were  exclusively  used 
for  crushing  "brown-stone,"  the  stamps  put  through  a  good  deal 
of  stone  containing  a  certain  amount  of  sulphide,  and  doubtless 
tellurides. 

An  average  sample  of  tailings,  obtained  from  the  settling-pits 
outside  the  mill,  in  1898,  assayed  8  dwt.  19  gr. 
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In  1898  the  average  yield  of  bullion  per  ton  of  ore  milled  was 
19  dwt.  S  gr.,  and  the  average  assay  of  tailings  7  dwt.  6  gr.,  show- 
ing  an  extraction  by  milling  of  72*7  per  cent ;  and  as  experiment 
has  shown  that  about  16  per  cent,  of  the  gold  remaining  in  the 
coarser  sands  is  amalgamable,  no  doubt  the  extraction  by  amalga- 
mation could  have  been  raised,  with  fine  crushing,  to  between 
80  and  85  per  cent  of  the  total  gold  contents  in  the  ore ;  but  this 
would  have  entailed  disproportionately  increased  cost,  and  the 
gold  was  consequently  recovered  more  cheaply  by  cyanide. 

The  mill  costs,  which  amounted  to  \l.  i^j,  \\d.  in  July  1897, 
milling  349  tons,  dropped  to  14^.  \\%d.  in  December,  when 675  tons 
were  crushed,  and  the  preceding  table  shows  the  mill  costs  in 
detail  in  1898  and  1899,  when  10,150  and  9772  tons  were  treated 
respectively. 

Milling  1224  tons  in  October  1899,  the  cost  was,  however,  below 
these  averages,  being  estimated  at  js.  9'82af.  per  ton,  showing  how 
largely  the  quantity  milled  aflects  the  cost 

The  higher  cost  in  1899,  as  compared  with  1898,  it  will  be 
noticed,  was  due  principally  to  the  extra  cost  of  repairs,  fuel  and 
water,  partly  attributable  to  the  fact  that  the  mill-boilers  supplied 
steam  for  other  purposes,  which  ought  not  properly  to  be  charged 
to  milling,  and  make  the  mill  costs  appear  greater  than  they  really 
were;  8f.  \\d.  would  probably,  therefore,  be  nearer  the  actual 
figure  for  milling,  the  difference  between  which  and  the  cost  in 
1898,  is  explained  by  the  smaller  tonnage  crushed. 

With  a  20-stamp  mill  of  this  type,  putting  through  3  to  4  tons 
per  head  per  day,  and  the  engine  running  with  the  full  load  it  is 
designed  to  carry,  so  as  to  economise  steam,  it  is  probable  that  costs 
could  have  been  reduced  to  a  still  lower  figure.  In  a  properly- 
arranged  mill  of  this  size,  two  men  and  a  boy,  with  an  engine-driver 
on  each  shift,  are  able  to  attend  to  the  crushing  of  the  ore  and  its 
concentration,  if  mechanical  concentrators  are  used. 

Tlie  Great  Boulder  Main  Reef  io-/iead  Battery,  for  the  treat- 
ment of  oxidised-ore,*  contains  a  crusher  and  rock-bins,  and  10  head 
of  950-lb.  Fraser  and  Chalmers'  stamps  provided  with  automatic 
feeders.  The  cam-shaft  was  fitted  with  Blanton  cams,  and  the 
battery  was  furnished  with  blanket- tables  for  concentration. 

The  arrangement  of  the  crusher  below  the  ground-floor,  re- 
quiring the  rock  to  be  scraped  by  manual  labour  to  the  elevator 

*  The  snlpbide  mill  h  ducribed  in  Ihc  nexl  chapter. 
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(a  job  requiring  the  labour  of  two  men)  was  its  weak  feature,  but 
this  arrangement  was  improved  in  December  1897.  In  1898  the 
mill  costs^ varied,  I  believe,  between  \os.  and  14J.  a  ton. 

The  machinery  was  driven  by  a  non-condensing  engine  capable 
of  developing  60  horse-power,  running  under  80  lb.  steam-pressure. 
The  boilers  were  of  Lancashire  pattern,  22  feet  by  6  feet  6  inches 
diameter,  fitted  with  Galloway-tubes.  The  loss  of  mercury,  I  am 
informed  by  Mr.  Skews,  was  reckoned  at  '519  oz.  per  ton  of  ore 
milled,  but  from  g  to  10  lb.  were  recovered  at  every  clean-up 
in  cyaniding  the  tailings,  and  he  estimated  the  actual  loss  to  have 
been  about  '410  oz.  per  ton.  The  wear  of  shoes  and  dies  figured 
out  at  "490  lb.  per  ton  of  mill-rock. 

Mr.  Ed.  Skews  informed  the  Author  in  1900  that  for  five 
months,  by  way  of  a  test.  No.  i  battery  was  worked  without  a 
front-plate,  whilst  No.  2  battery  was  worked  with  both  front 
and  back-plates  in  the  mortar.  Both  batteries  were  furnished 
with  lip-plates.  From  the  lip  and  back-plates  of  No.  i,  as  much 
amalgam  was  obtained  as  from  No,  2  battery.  There  was  a 
marked  improvement  in  the  appearance  of  the  lip-plate  of  No.  i 
battery  without  the  front-plate.  The  amalgam  obtained  from 
No.  I  battery,  prior  to  the  removal  of  the  front-plate,  save  on  three 
occasions,  was  from  one-tenth  to  one-fifteenth  more  than  from 
No.  2  battery. 

The  distribution  of  the  mill-costs  shown  in  one  month's  run  were 
as  follows  : — Mill,  3^.  8'6(/. ;  steam,  4r.  61/. ;  water,  1^.9 ■3i£  ;  hand- 
ling slimes,  \s.  4'  \d. :  total  i  is.  4d. 

The  Great  Boulder  ^o-kead Battery*  for  details  of  which  I  am 
indebted  to  Mr.  Hamilton,  through  the  courtesy  of  the  Directors 
of  the  Company,  originally  contained  30  head  of  stamps,  with 
copper-plate  tables,  six  amalgamating  and  grinding  pans,  three 
"  settlers,"  and  canvas  concentrating- tables,  the  system  of  treatment 
being  somewhat  similar  to  that  in  use  at  the  Lake  View  South, 
the  next  mill  to  be  described. 

The  stamps  were  in  sets  of  five,  and  weighed  750  lb.  They 
were  run  at  80  drops  per  minute  with  an  8-inch  fall,  the  order  of 
drop  being  i,  3,  5,  2,  4,  and  the  capacity  per  head  per  diem  was 
reckoned  at  4*5  tons  of  oxidised  ore. 

*  At  Ihe  end  of  1900  (the  oxidised  ore  being  exhauslcd)  Ih:s  mill  was  engaged  in 
cnisliing  the  lower-grade  sulphide  ores,  free  from  telluridet,  which  Ihe  mine  produced, 
but  il  required  to  be  remodelled  to  economicallj  treat  this  hatd  ore.  The  present 
method  of  dealing  with  stone  of  this  class  will  be  found  described  in  ihe  next  chapter, 
under  Sulphide -ore  Treatment. 
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The  mortars  weigh  2  tons  5  cwt.,  and  most  of  the  gold  is  caught 
inside. 

The  grin  ding-pans  employed  to  amalgamate  the  coarser 
particles  of  gold  and  gold  in  pyrites  which  escaped  the  battery 
were  of  the  Watson-Denny  type,  and  were  run  at  50  revolutions 
per  minute,  and  charged  with  two  bottles  of  mercury  each.  The 
"  settlers,"  which  collect  any  amalgam  or  mercury  that  escapes 
from  the  pans,  were  run  at  25  revolutions  per  minute. 

The  tailings  passed  over  "  canvas -tables,"  and  were  pumped 
into  settling-dams  for  collection  and  subsequent  cyanidation. 

The  loss  of  mercury  varied  from  0"425  to  0-536  oz.  per  ton 
of  ore  milled. 

Punched  screens,  with  225  holes  per  square  inch,  were  used  in 
the  mortar-boxes.  Of  the  "pulp"  passing  through  them,  Mr. 
Hamilton  informed  me  that  (fi)  per  cent,  would  pass  through  a  sieve 
with  1 50  meshes  to  the  linear  inch,  and  after  leaving  the  grinding 
and  amalgamating  pans  89  per  cent,  was  reduced  below  this 
degree  of  fineness.  Of  the  balance  (ii  per  cent.)  80  per  cent 
would  pass  a  lOO-mesh,  and  all  the  remainder  a  60-mesh  screen.  The 
battery-screens  lasted  from  five  to  seven  days,  and  according  to 
figures  given  in  the  Company's  Annual  Report,  milling  and  pan- 
amalgamation  in  this  mill  (inclusive  of  power,  but  exclusive  of 
assay-expenses,  horse-keep,  etc.)  may  be  calculated  to  have  cost 
8s.2-y$^.  in  1898,  on  an  output  of  37,810  tons  ;  8*.  029^.  in 
189300  46,826  tons  milled;  and  los.  l-yid.  in  1900  on  36,276 
tons  milled  ;  subdivided  as  follows  : — 


I 




I — — i 

T»»lCo«      1       Co., 
,      '■'"'*■          per  ton. 

,       i       ..    d.      ..     d. 

W.fi«       . 

.     8974  17    7:3  lo-oi 

Stores 

.     ai43  II  II  1  0  1098 

Firewood  . 

■  1  ^870  17    4  ,  »    a-70 

Salt  water 

.  ,  3396    3    '  1  I    541 

Condensed  wa 

er      1401   II     T  '  0    7*i8 

Wages     .         . 

a+08  13  10     4    763 

Store*     .        .     2022  17    s     I    138 

Firewood          .      3320    841    996 

Salt  water  and| 
track    .         .J 

319a  19    0     I     9-78 

Condensed  water 

1505    1 .  6  1  0    996 

185S0  19  10  10    a-7i 

„  Google 


238  Gold  Mining  and  Milling 

The  percentage  of  extraction  was  given  as  84-27  in  1898,  and  82-7 
in  1899.  The  average  assay  of  the  tailings  was  8  dwt.  in  1898, 
6  dwt.  in  1899,  and  S'S  dwt.  in  1900.  137  tons  of  concentrates 
smelted,  yielded  1864  oz. ;  and  228  tons  treated  in  the  new  sul- 
phide-mill yielded  117001.  in  igoo. 

The  Lake  View  South  20-stamp  battery,  is  of  a  somewhat 
similar  type  to  the  one  just  described,  mechanical  concentration 
taking  the  place  of  canvas  tables.  It  is  built  on  a  graded  milUsite, 
on  the  hill  behind  the  mine,  in  five  floors  upon  which  are  set 
(1)  the  Blake  crushers,  ore-bins.  Challenge-feeders,  stamps,  and 
amalgamating-tables ;  (2)  grinding-pans  ;  (3)  Frue  vanners ;  (4) 
amalgamating-pans ;  (5)  settlers.  The  ore  passes  automatically 
from  one  stage  in  the  process  to  another.  The  stamps  weigh 
900  lb.  each,  and  the  mortar-boxes  were  fitted  with  "  inside-plates," 
and  use  coarse  screens,  to  secure  rapid  discharge.  The  battery 
tables  are  1 1  feet  long,  with  a  step  of  about  2  inches  every  17  inches, 
a  metal  plate  being  set  across  the  table  at  each  "drop,"  to  throw 
the  pulp  down  vertically  on  the  head  of  the  plate  below.  The 
slope  of  the  tables  can  be  regulated  by  means  of  adjusting 
screws. 

From  the  "  plates  "  the  pulp  is  conveyed  by  launders,  fitted  with 
corrugated  copper  riffles,  to  6  Watson  and  Denny  grinding-pans 
standing  on  a  floor  5  feet  below  the  tables,  which  grind  the  pulp 
to  a  finer  size ;  and  their  dischai^e  passes  to  four  Frue  vanners  on 
the  next  floor,  which  is  4  feet  lower.  The  Frues  yield  concentrates 
containing  2  to  3  oz.  of  gold  per  ton  which  are  subsequently  treated 
by  cyanidation,  whilst  the  Frue-tailings  pass  through  launders  to 
four  amalgamating-pans,  of  the  Wheeler  class,  which  discharge  into 
8-feet  diameter^'  settlers,"  set  3  feet  below  the  pans  ;  the  overflow- 
slime  from  these  latter  goes  to  settling  pits,  from  which  the  clear 
water  is  pumped  back  into  the  battery  storage  tanks. 

The  cyanide  plant  for  treating  the  concentrates  from  the 
vanners  consists  of  two  solution-tanks  and  two  ieaching-vats,  with 
zinc  boxes;  and  the  cost  of  cyanide  treatment  is  stated*  to  have 
been  &f.  (jd.  a  ton.  Mr.  Bulman  adds  that  actual  figures  over 
five  months'  working  showed  an  extraction  of  90-8  per  cent,  of  gold 
contents.  The  average  assay  value  of  ore  milled  (crushed  chiefly 
for  outside  parties)  was  2  oz.  3  dwt.  3  gr.  per  ton,  and  of  the 
residual  slimes,  3  dwt.  23  gr.,  whilst  the  cost  of  "milling"  (plate- 
•  H.  F.  Bulman,  Trans,  of  Ike  Iiul.  of  Mining  Engines,  \a\.  xxviii. 
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amalgamation,  concentration  and  pan-amalgamation)  ran  from 
14J.  to  I  5j.  a  ton. 

The  Great  Bottlder  Peisei'erance  20-head  battery,  I  am  informed, 
was  provided  with  copper  tables  and  canvas  "  strakes,"  the  tailings 
from  which  were  separated  into  sands  and  slimes  by  spitzkasten. 
The  sands  were  leached  with  cyanide  in  four  rectangular  vats 
holding  100  tons  each,  and  the  slimes  were  agitated  with  the 
necessary  cyanide  solution,  and  filter-pressed  in  four  Dehnc  4-ton 
presses. 

The  concentrates  collected  on  the  canvas  tables  were  shipped 
to  smelters,  and  the  gold  was  recovered  from  the  cyanide  liquors  in 
the  usual  way  in  zinc  extractor-boxes. 

The  Associated  Mill*  for  the  treatment  of  oxidised-ore  re- 
presented a  type  differing  entirely  from  the  preceding  ones,  the 
oxidised  ore  being  treated  by  dry  crushing  and  cyanldation.  The 
stone  from  the  mine  was  delivered  to  a  rock-breaker  at  the  top  of 
the  building  and  thence  into  a  sizing-trommel,  which  separated  the 
"  fines  "  from  the  coarse  mill-rock. 

The  "  fines  "  were  raised  by  a  bucket-elevator  into  a  "  bin,"  and 
the  coarse  ore  was  delivered  by  automatic  feeders  to  four  Krupp 
ball-mills,  the  product  of  which  was  raised  by  an  elevator,  and 
joined  the  "  fines." 

The  contents  of  the  bin  were  discharged  through  canvas  spouts 
into  steel  trucks  (holding  about  one  ton  of  crushed  ore)  which 
had  M-shapcd  bottoms,  the  sides  forming  flap-doors  ;  four  or  five  of 
these  trucks  placed  end  to  end  were  set  on  a  carriage,  drawn  over 
the  rails  alongside  the  line  of  cyanide  vats  by  an  endless-ropc, 
which  could  be  started  or  stopped  by  a  lever,  shifting  the  driving 
belt  from  a  fast  to  a  loose  pulley. 

It  was  claimed  that  by  this  arrangement  the  contents  of  the 
trucks  were  deposited  more  evenly  over  each  vat,  and  no  trimming 
was  required.  Two  men  could  fill  a  160-ton  vat  in  eight  or  ten 
hours.  The  residues  were  discharged  through  bottom  doors  into 
trucks  below,  and  the  charge  was  kept  under  cyanide  treatment 
(percolation)  ten  days.  During  the  year  ending  August  I,  1898, 
it  is  stated!  that  20,519  tons  of  ore  were  treated  in  this  mill, 
which  yielded  22,174  oz.,  or  r  oz.  i  dwt,  14  gr.  per  ton,  obtained 
at  a  cost  of  l&r.  i\d.  a  ton  ;  of  which  5^.  6rf.  a  ton  was  chargeable 

•  The  new  sulphide  mill  is  described  in  the  next  chapter. 

t  H.  F.  Bulman.  Trans,  eftht  Imt.  ef  Mining  Ei-sinttrs,  vol.  xxviii. 
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to  cyanide  treatment     The  returns  of  oxidised  ore  crushed  for  the 
years  1897  to  19CO  are  given  •  as  under ; — 


1897- 

I3,3W  1« 

IS  pioduced  39,480   oz.,  ( 

>r  an  average  yield  of  44- 1 

.fgS. 

28,431 

„          4a, 170!.. 

29-6 

1899. 

33.7W 

31  ."3    .. 

i8-S 

■900. 

5.a<»s 

3.479    .. 

„                     II-8 

During  the  \1  months  ending  March  31,  1901, 1080  tons  appear 
to  have  been  treated  at  a  cost  of  hj.  d'ld.  per  ton. 

The  Hannan's  Star  Mill. — The  process  at  these  works  was  the 
same  in  general  principle  as  that  last  described.  The  machinery 
consisted  of  a  200  I.H.P.  compound  condensing  engine,  with 
evaporative  condenser  and  circulating  pumps,  a  Blake  stone- 
breaker,  two  30-ton  Krupp  ball-mills,  a  revolving  drier,  elevators, 
and  conveyors  to  pass  the  ore  automatically  through  the  various 
operations;  and  a  complete  cyanide  plant,  consisting  of  eight 
leaching  vats,  etc. 

At  first  when  the  mill  started,  the  leaching  was  reported  to  be 
unsatisfactory,  owing  to  the  large  proportion  of  slime  in  the  crushed 
product,  but  in  September  1899,  the  teachability  of  the  ore  began 
to  show  signs  of  improvement,  and  towards  the  end  of  that  month 
the  rotatory  drier  was  done  away  with.  In  the  beginning  of 
October,  it  was  found  possible  to  fill  up  the  vats  to  a  depth  of 
3  feet  3  inches,  whilst  towards  the  end  of  the  run,  a  fair  leaching 
was  obtained  with  full  charges.  This  improvement  was  attribut- 
able to  an  admixture  of  ore  from  Morison's  lode,  which  is  stated 
to  be  of  a  less  clayej'  nature  than  that  of  the  main  lode. 

The  mill  ran  (about  8  hours  per  diem)  1509  hours,  and  during 
this  period  5305  tons  of  oxidised  ore  were  crushed.  The  average 
value  of  the  ore  cyanided  (5285  tons)  was  14  dwt.  ^)^  gr.,and  that  of 
the  residues,  after  treatment,  4  dwL  8*2  gr. ;  an  actual  extraction 
of  71  per  cent,  of  the  gold  being  obtained.  The  cost  of  milling 
appears  to  have  worked  out  at  js.  2'4d.,  and  the  cost  of  cyaniding 
at  6s.  ii-j^d.  per  ton.  The  bullion  was  over  -908  fine  on  the 
average. 

The  South  Kalgurli  Mill  was  laid  out  on  a  somewhat  dif- 
ferent system,  being  originally  designed  to  treat  both  oxidised 
and  sulphide  ores.  The  stone  delivered  from  the  mine  was  first 
passed  through  a  No.  2  Gates  crusher,  that  broke  it  to  24  inches, 

•  Tht  Mining  Yiar  Boni,  1901.  t  Including  ore  shipped  to  smellers. 

\  Including  yield  fiom  a  small  quantity  of  Callings.  §  1 1  months. 
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and  then  through  a  pair  of  Cornish  rolls  3  feet  6  inches  diatn. 
which  further  reduced  the  ore  to  about  i-inch  cube.  Here  the 
treatment  of  the  two  classes  of  stone,  which  were  kept  separate  in 
two  different  70-ton  bins,  divei^ed,  the  oxidised  ore  being  fed  from 
the  bins  of  the  rolls  by  means  of  automatic  feeders  to  two  wet- 
crushing  Griffin  mills.  The  issuing  pulp  passed  from  these  mills 
over  two  amalgamated  copper  tables,  8  by  4,  where  part  of  the 
gold  was  recovered  by  amalgamation  ;  the  tailings  were  afterwards 
run  into  six  Forwood,  Down  &  Co.'s  grinding  and  amalgamating 
pans,  which  completed  this  branch  of  the  process,  some  66  per 
cent,  of  the  gold  in  the  oxidised  ore  being  thus  recovered.  The 
pulp  overflowing  (continuously)  from  the  pans,  was  distributed  over 
a  series  of  canvas-tables,  which  concentrated  out  the  fine  pyrites 
the  ore  contained.  The  tailings  of  the  canvas-tables  were  pumped 
up  and  delivered  to  eight  large  spitzkasten  in  series,  which  yield 
a  sands  and  concentrates  "underflow"  from  the  first  two,  and  a 
slimes  "  underflow  "  from  the  last  six ;  the  excess  water  being  elimi- 
nated with  the  "  overflow  "  from  the  eighth  spitzkasten. 

The  sands  were  elevated  by  a  tailings-wheel  and  sent  back  to 
the  pans  for  regrlnding,  and  the  concentrates  saved  from  the 
canvas-tables  were  shipped  to  Fremantle  to.be  smelted. 

The  slimes  passed  to  one  of  five  agitation-vats,  in  which  the 
pulp  was  agitated,  after  the  necessary  addition  of  cyanide,  for  about 
18  hours.  The  pulp  was  then  forced  by  means  of  two  montejus 
into  four  Dehne  filter-presses,  each  holding  3  tons  of  pulp.  The 
slime  residues  from  these  were  "dumped,"  and  the  gold  solutions, 
after  setthng  in  an  intermediate  solution  tank,  were  delivered  to 
the  zinc  extractor-boxes.  The  sulphide  ore,  after  leaving  the 
Cornish  rolls,  was  formerly  delivered  to  a  70-ton  bin,  passed  through 
a  rotatory-drier,  and  thence  into  five  dry-crushing  Griffin  mills,  but 
it  was  subsequently  fed  direct  from  the  bins  of  the  rolls  to  the  mills, 
the  ore  being  afterwards  elevated  by  five  bucket  elevators,  to  the 
hoppers  of  the  Brown  roasting-fumaces,  and  desulphurised. 

It  was  at  first  intended,  I  believe,  to  grind  the  roasted  ore  in 
pans,  and  treat  the  slimed  "pan-pulp,"  both  of  the  sulphide  and 
oxidised  ores,  by  agitation  with  cyanide,  forcing  it,  after  agitation  in 
vats,  through  filter-presses.  This  method  of  extraction  was,  however, 
given  up  in  favour  of  the  Riecken  process,  and  the  sulphide  ore, 
having  been  found  to  preponderate  in  quantity  over  the  oxidised 
ore,  to  a  larger  extent  than  had  originally  been  anticipated,  special 
attention  was  subsequently  directed  to  its  treatment.     The  present 
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(Riecken)  process  for  dealing  with  this  class  of  stone  will  be  described 
in  its  proper  place  in  the  next  chapter. 

The  original  plant  was  estimated  to  have  a  capacity  of  60  tons 
per  diem ,■  and  an  estimate  of  the  cost  of  treatment  (exclusive  of 
mining  charges)t  was  given  by  Mr,  John  M.  lies  in  his  Annual 
Report  to  September  30,  1S99,  as  follows: — 

Power  (stMin],  fuel  ftod  fresh  water     ...  65 

Wear  and  teu 33 

Labour 6  10 

Foel  for  Toaiting  and  drying       ....  19 

StOKS 1     O 

Cyanide i    6 

Salt  water O  lo 

Incidental  and  mperinteodence  ....  i    6 

Total  .       2»    I 

The  Browttkill  Mill. — The  mill  erected  by  this  company  (for 
the  treatment  of  its  oxidised  ores),  which  was  under  construction 
when  I  saw  it  in  February  1898,  like  the  mill  last  described, 
employed  the  same  general  methodof  treatment,  viz.  dry  crushing  f 
and  cyanide,  for  the  treatment  of  "  brown-stone,"  but  applied  it  in 
quite  a  different  manner. 

It  struck  me  as  being  extremely  well  designed  and  built, 
wrought-iron  and  steel  taking  the  place  of  wood  for  the  framework 
of  the  building. 

Broadly  speaking,  the  process  as  explained  to  me  by  Dr.  Pape 
(who  kindly  took  me  over  the  works)  was  to  be  as  follows  :  after 
it  left  the  No.  6  Krupp  stone-breaker,  which  crushed  it  to  i-inch 
size,  it  was  to  be  passed  through  a  trommel,  and  further  reduced 
in  2l|  by  io|  inches  high-speed  rolls,  which  would  bring  it  down 
to  i-inch  size;  dried  in  cylinder-dryers  (34  by  41  feet),  crushed  fine 
in  three  Krupp  No.  5  ball-mill5,§  and  sized  into  three  grades  with 
(fan)  air-separators,  which,  judging  by  the  product  I  saw  in  the 
laboratory,  effected  this  object  very  satisfactorily,  yielding  three 
products  :  "  coarse,"  "  medium,"  and  "  fine,"  The  "  coarse  "  products 
of  this  classification  that  contained  coarse  gold,  after  cyanidation, 

*  Its  capacity  was  subsequently,  however,  I  believe,  duplicated,  by  which  the  cost  of 
treatment  was  expected  to  be  reduced  coDBiderabl)'. 

t  Tbcwwere  figured  at,  mining  and  hauling,  lii.,  and  development,  y.  fi\d.  per  (on. 

I  It  hu  been  pointed  oat  that  in  dry-cmshing  ores  in  New  Zealand,  it  is  a  curiout 
and  intereiting  drciunslance  that  "(he  finer  the  dusl,  the  higher  its  value,"  and  the 
lame  thing  has  been  renuulied  in  dry-crashing  tome  of  the  Kalgoorlie  ores. — '  Cyaniding 
in  New  Zealand,'  by  Jamei  Parke,  Traiu.  Am.  hit,  of  Mining  Bnginters,  vol,  xxii. 

{  Room  wu  left  for  a  fonrth  tniU,  The  mills  were  lo  be  fed  aatomatically  from  a 
35-toD  iron  bb,  and  were  lo  cniih  the  ore  through  35-mesh  screens ;  the  fines  below  that 
uze  heiiig  previouily  screened  ont,  after  paanng  thrao^  the  dryioe  cylinders. 
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were  to  be  ground  and  amalgamated  in  four  Wheeler  pans  connected 
with  two  settlers,  and  sluices  fitted  wirh  amalgamated  plates  below 
the  level  of  the  cyanide  leaching  vats,  and  the  "  slimes  "  produced 
were  to  be  agitated  with  cyanide,  and  fitter-pressed.  The  "  sands  " 
were  to  be  cyanided  in  a  series  of  ten  steel  vats  (21  feet  4  inches  by 
6  feet  7  inches)  holding  79  tons  of  coarse  sands  or  yz  tons  of  medium 
sands,  by  percolation  in  the  ordinary  way  ;  and  the  "  fine  "  product 
with  the  slimes  from  "  the  pans,"  after  being  thoroughly  mixed  tn  a 
"  mixer  "  with  cyanide-solution,  was  to  be  passed  through  two  sets 
of  three  agitation-vats  set  one  slightly  below  the  other,  so  that  the 
"  slimes  "  would  run  continuously  through  them  ;  giving  time,  how- 
ever, to  dissolve  tbe  gold.  From  the  last  vat  of  each  series,  the 
pulp  was  to  be  collected  in  one  of  two  storage-reservoirs  of  40  tons 
capacity  (alternately  filled  and  emptied),  agitated  to  prevent  it  from 
settling,  and  delivered  from  the  reservoirs  as  required  to  one  of  three 
"  montejus,"  by  which  it  was  to  be  forced  through  one  of  three  filter- 
presses,  under  a  pressure  of  about  60  lb.  of  air.  Each  filter-press 
was  to  be  provided  with  a  separate  montejus  for  weak  solution  and 
wash-water.  The  sand-leaching  plant  was  to  be  fnmished  with  four 
elevated  storage  tanks  of  8600  gallons  capacity  for  strong  solution, 
weak  solution  and  washing  water,  one  being  kept  in  reserve.  The 
gold  was  to  be  precipitated  in  zinc  in  extractor  boxes  in  the  usual 
way.'  Power  for  running  this  mill  was  furnished  by  a  250  horse- 
power Davey-Paxman  engine,  and  five  7  by  21  Cornish  boilers 
under  a  pressure  of  135  lb.,  one  being  kept  in  reserve. 

A  marked  point  of  difference  between  the  Associated  and  Brown- 
hill  methods  of  treatment  was  that  in  the  latter  mill  bromo-cyanide 
was  employed  as  a  solvent,  in  place  of  ordinary  cyanide,  and  it  is 
stated  t  that  no  mine  on  the  field  obtains  a  closer  extraction  than 
the  Brownhill. 

By  the  addition  of  roasting-furnaces  it  was  expected  that  this 
plant  could  be  adapted  to  the  treatment  either  of  oxidised  ore  or 
telluride,  but  the  new  sulphide  mill  is  designed  to  do  away  with 
roasting,  and  employs  the  Diehl  process. 

The  ore  crushed  from  October  1898  to  September  1899,  inclusive, 
amounted  to  42,025  tons,  which  yielded  87,762  oz,  3  dwt.  g  gr.,  and 
in  the  profit  and  loss  account  25,049/,  12s.  lod.  appears  charged  to 
milling,  and  25,906/.  lOJ.  4^.  to  extraction.  As  it  is  not  stated, 
•  The  line  of  trealment  described  was,  I  beliere,  practically  the  one  adopted,  with 
the  addition  of  a  fotu-th  press,  a  third  slndge  slonge  tank  and  other  plant,  by  which  the 
capacity  of  the  plant  was  afterwards,  I  understand,  increased. 

t  J.  K.  Wilson,  Mimral  Indujiry,  vol.  ix.  p.  j8l.  ^   j 
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however,  in  the  Report  in  which  these  figures  are  given,  whether 
any  portion  of  the  quantity  of  ore  dealt  with  was  "  sulphide,"  the 
cost  of  "  milling "  at  these  works  {dealing  with  "  brown-stone  " 
alone)  cannot  be  exactly  stated.  On  an  average  monthly  output 
of  3502  tons  the  cost  of  milling  and  extraction  appears,  however, 
to  work  out  at  24J.  3^.  per  ton,  exclusive  of  royalty.  During  the 
1 5  months  ending  December  3 1, 1900, 76,027  tons  of  ore  were  treated, 
which  returned  105,61 5  oz.  i  dwL  No  data  are  available  showing  the 
average  percentage  of  extraction,  but  in  January  1899,  it  is  stated  • 
that  the  slimes  yielded  93*62  per  cent.,  the  sands  (bycyaniding  and 
amalgamating  the  coarse  sands)  90'c8  per  cent.,  and  the  total  ore 
91  "47  percent  The  company's  laboratory  equipment  was  the  finest 
I  saw  on  the  field,  and  it  possessed  a  very  neat  and  well-arranged 
"experimental  plant"  for  carrying  out  working-tests. 

Some  Special  Points  in  Milling  Practice  in  this  District  may  be 
noticed,  supplementing  the  general  remarks  at  the  commencement 
of  this  chapter.  As  will  be  seen  from  the  description  already 
given  of  the  different  milling-plants,  very  considerable  variation 
exists  both  in  the  general  methods  used  for  the  reduction  of  the  ore 
and  the  recovery  of  the  gold,  and  in  the  details  of  the  machinery 
employed  for  these  purposes. 

The  scarcity  of  water  in  the  early  days  of  "  the  field,"  and  its 
consequent  cost,  coupled  with  its  saline  nature  ;  the  large  percent- 
ages of  "slimes"  produced  in  wet-crushing  the  ore;  the  minute 
subdivision  of  a  large  part  of  the  gold  in  the  "brown-stone," 
favouring  extraction  by  means  of  cyanide  ;  the  presence  of  de- 
composed or  partially  decomposed  tellurides ;  and  other  reasons, 
early  led  to  the  application  of  "  dry  crushing  "  for  the  reduction  of 
the  oxidised  ores.  Dry  crushing  may,  in  fact,  be  regarded,  despite 
sundry  disadvantages,  as  the  proper  form  of  treatment,  where 
scarcity  of  water  renders  wet  crushing  too  expensive  ;  the  ore 
requires  to  be  reduced  to  a  very  fine  state  of  division,  in  one 
continuous  operation,  for  its  subsequent  treatment ;  or  when  it  has 
to  be  roasted,  preparatory  to  chlorination  or  cyanidation.  There  is 
small  doubt,  however,  that  in  addition  to  other  inherent  objections, 
compared  with  ordinary  wet  crushing,  it  is,  generally  speaking,  ex- 
pensive, so  long  as  t/te  ore  does  not  require  to  be  "slimed"  in  pans 
or  "  tube-mills,"  after  crushing  in  the  stamp-battery.  Partly  on  this 
account,  and  doubtless  for  other  reasons,  a  disposition  may  be  noticed 
at  Kalgoorlie  to  revert  to  wet  crushing  for  the  crushing  of  sulphide 
ore  ;  just  as  happened  in  New  Zealand,  where  dry  pulverisers  were 

*  Finandal  Tima  Supplement,  Maj  39,  1899. 
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tried  on  a  laige  scale,  but,  owing  no  doubt  to  the  exceptional  hard- 
ness of  the  stone,  the  tendency  there  has  since  been  to  employ  wet 
or  even  dry  stamps.  The  above  figures  given  by  Mr.  N.  F.  White,* 
show  the  cost  of  dry  crushing  at  Mount  Moi^an,  Queensland, 
Australia,  and  are  of  interest  in  this  connection. 

It  would  appear  from  the  preceding  table,  that  although  dry 
crushing  is  expensive  for  the  reasons  that  have  been  explained, 
when  it  cannot  be  avoided  it  is  cheaper  to  crush'  the  ore  in  one  con- 
tinuous operation  to  a  fine  «'«,  using  ball-mills,  than  it  is  to  reduce  it 
gradually  in  a  series  of  operations  with  rolls.  It  is  generally  con- 
sidered on  the  fields,  moreover,  that  the  use  of  "ball-mills,"  which 
is  a  marked  feature  of  Kalgoorlie  practice,  is  the  best  method  to 
adopt  for  dry  crushing  under  existing  circumstances,  and  can  only 
be  improved  upon  in  so  far  as  one  type  of  "  mill "  may  possess  some 
slight  advantage  over  another, 

Mr.  Ph.  Alkali  t  referring  to  these  Mount  Morgan  tests,  points 
out,  however,  that  they  cannot  be  considered  conclusive  evidence 
of  the  general  superiority  of  ball-mills  over  rolls,  so  far  as  concerns 
general  practice,  partly  because  of  the  much  greater  capacity  of  the 
ball-mill  plant,  which  was  greatly  in  its  favour,  and  partly  because 
it  was  new,  whilst  the  roll-plant  was  old  and  does  not  appear  to 
have  beeu  of  the  latest  improved  type. 

He  argues,  with  considerable  justice  indeed,  that  as  far  as 
regards  cost  of  crushing,  "  had  this  latter  plant  consisted  of  modem 
improved  rolls,  constructed  and  arranged  in  accordance  with  the 
best  current  practice,  the  results  would  no  doubt  have  been  very 
different."  After  very  careful  and  elaborate  trials  which  Mr.  Argall 
details,  that  he  made  in  Colorado,  he  arrived  at  the  conclusion  that 
a  properly  arranged  plant,  consisting  of  modern  high-speed  rolls, 
crushing  the  ore  down  gradually,  for  large  capacities  (say  60  tons 
per  diem  upwards)  would  be  superior  to  ball-mills  when  the  object 
aimed  at  is  to  prepare  an  ore  for  roasting,  or  direct  lixiviation,  and 
to  obtain  a  granular  product  of  the  desired  fineness  to  give  a  high 
extraction,  free  from  much  fine  dust ;  dust  being  liable  to  make  the 
ordinary  leaching  process  slow  and  laborious. 

He  remarks  that  62  lb,  per  horse-power  hour  is  about  the  maxi- 
mum output  of  dry-stamps,  crushing  the  ore  to  30-mesh,  and  that 
first  class  rolls  will  give  four  times   this   output  with  the  same 

•  N.  F,  White,  Tram.  Auiiralasian  Itut.  of  Mining  Enginnrt,  vol.  vi. 
t  '  Samplire  and  Dry  Crushing  in  Colorado,'  by  Ph.  Argall,  M.Inst.M.M.,  Tram. 
hut-  0/  Mnitig  and  Metallurgy,  vol.  x.  (1902). 
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expenditure  of  power.  In  a  two-unit  plant,  having  a  capacity  of 
400  tons  per  diem,  crushing  to  ^  inch,  and  with  the  ore  delivered 
at  the  "  breakers,"  he  estimates  that  ore  can  be  crushed  in  Colorado 
for  fo*  50  (2J-.  id.)  per  ton,  including  all  expenses  for  breaking,  drying, 
operating,  maintenance  and  sampling,  but  exclusive  of  management, 
rates  and  taxes,  insurance,  water  supply  (if  any),  and  depreciation. 

It  is  most  difficult  in  reality  to  institute  a  comparison  between 
different  types  of  crushing  machinery,  as  no  two  mills  are  built 
alike,  and  operate  on  exactly  similar  ore,  under  precisely  the  same 
conditions ;  and  the  character  of  the  ore,  and  the  process  by  which 
it  is  to  be  afterwards  treated,  largely  decide  the  question  of  choice. 

Rolls,  for  example,  should  deliver  a  product  in  the  most  granular 
and  consequently  in  the  most  suitable  condition  possible  for  leach- 
ing ;  ball-mills,  on  the  other  hand,  serving  as  pulverisers,  are,  I 
believe,  better  machines,  when  it  is  necessary  to  reduce  the  ore  to  a 
very  fine  state  of  division,  and  they  are  more  suitable  for  moderately 
hard,  than  for  very  hard,  or  soft  ores,  which  latter  rolls  are  well 
adapted  to  deal  with,  so  long  as  the  stone  is  not  moist  and  clayey  ; 
on  the  other  hand,  the  presence  of  much  coarse  gold  in  an  ore  favours 
the  employment  of  wet  stamps. 

The  duty  of  a  ball-mill,  quite  apart  from  the  hardness  and 
character  of  the  ore,  seems  to  depend  to  a  large  extent  upon  the 
speed  at  which  it  is  run.  If  too  fast,  the  centrifugal  force  drives 
the  balls  to  the  periphery  and  they  do  not  drop  properly.  If  too 
slow,  the  balls  fall  back  before  arriving  at  the  top,  and  they  are 
ineffective.  The  ball-mills  at  the  Great  Boulder  Main  Reef,  I  under- 
stand, used  to  be  run  at  22  to  23  revolutions*  per  minute,  the 
screens  used  were  900  to  the  square  inch,  and  60  per  cent  of  the 
product,  it  is  stated,  would  pass  a  90-mesh  screen.  Under  these 
conditions  the  cost  of  crushing  (exclusive  of  power),  came  to  a  little 
under  \s.  6d.  per  ton  ;  and  Mr.  Alfred  James,t  quoting  Mr.  Moss, 
states  that  crushing  with  these  mills  at  Kalgoorlie,  costs  gd.  per  ton 
for  renewals,  and  $d.  per  ton  for  labour  (power  is  extra)  ;  and  under 
good  working  conditions  their  "  duty  "  is  stated  to  amount  to  about 
2  tons  per  horse-power. 

*  Foi  tbe  large  sizes,  34  levolutioDS  is  Slid  to  be  the  be*t  rate  of  speed. 

t  Cyanide  Pratliet,  by  Alfred  James,  M.Inst.M  .M„  p.  109.  (E  &  F.  N.  Spon. 
Lid.)  In  the  third  edition  )3p)  aj  the  same  author  states  that  recent  resalls  show 
3IIO  tons  of  ore  crushtd  in  one  month  (670  hours)  at  Hannan's  Star  by  Ivro  No.  5  mills, 
each  using  16  horae-power,  i.e.  over  3  loos  per  hour  for  3a  borse-power  or  ^  of  a  Ion 
per  horK-powcr  hour,  using  30  and  40  mesh  screens.  Messrs.  Jamei  Brothers  slate  that 
the  mills  are  now  luioing  out  over  80  Ions  per  24  hours.  O.ic  set  of  liner?  lasts  81  months 
wiih  the  usual  Kalgoorlie  ores,  but  the  "otfiX  liners  last  sj  months  with  the  eKlremely  hard 
H^nnan's  Star  ore. 
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The  output  of  a  No.  3  ball-mill  is  estimated  at  12-15  ^^"s  P^'' 
diem,  and  of  a  No.  8  mill  50-60  tons. 

Griffin-mills  are  also  extensively  used  at  Kalgoorlie,  in  connec- 
tion with  sulphide-ore  treatment ;  it  appears  important  that  the 
material  fed  to  them  should  be  crushed  down  to  not  larger  than 
l-inch  cube,  and  that  it  should  be  fed  regularly. 

Mr,  Alfred  James  states  that  "recent  practice  at  Kalgoorlie 
gives  an  output  of  214  tons  per  mill  per  diem  crushed  from  i-inch 
gauge  through  a  15-mesh  screen,  at  a  cost  for  wages  and  repairs 
(power  not  included)  of  is.  lod.  per  ton." 

Dry  pulverisers  of  these  types  are,  it  must  be  confessed,  ex- 
cellent pulverisers,  and  their  compact  form,  admitting  of  grind- 
ing, screening  and  elevating  in  one  machine,  enables  them  to  give 
a  fmished  product  in  one  operation — a  feature  that  commends 
them  in  cases  where  small  crushing  units  are  required. 

At  Hannan's  Star,  in  1899,  Mr.  Robson  stated"  that  the  30-ton 
Krupp  mills  used  for  dry-crushing  the  oxidised  ore  put  through 
5305  tons  in  1509  hours,  an  average  of  i  "75  tons  per  hour  per  mill, 
and  the  average  loss  in  weight  of  the  balls  was  o'5  lb.  per  ton  of 
ore  crushed.  The  iron  abraded  from  the  machine  f  is  detrimental 
if  bromo-cyanide  is  used. 

The  extensive  employment  of  dry-crushing  machinery  on 
these  fields  involves  one  serious  disadvantage,  that  of  producing 
a  very  considerable  quantity  of  dust,t  which  is  not  only  bad  for 
the  workmen  and  bad  for  the  machinery,  but  is  often  so  rich 
as  to  represent,  if  allowed  to  escape,  a  serious  gold  loss.§  In 
America  more  attention  appears  to  have  been  paid  to  this  matter 
than  in  Australia,  and  in  the  Cripple  Creek  mills  "  dust-collectors  " 
are  extensively  used.  An  arrangement  adopted  in  a  mill  recently 
built  is  described  and  figured  by  Mr.  J.  E.  Rothwell,||  in  which  the 
dust  is  exhausted  from  the  rolls,  elevators  and  screen  casings  by  a 
large  exhaust-fan,  and  is  blown  into  a  series  of  cotton  bags,  located 
above  the  pulp  ore-storage  bins,  the  arrangement  permitting  any 
line  of  bags  to  be  cleaned  without  interfering  with  the  others, 

*  Annual  Repon,  Hannan's  Slar  Gold  Mines,  1S99. 

t  Cold MilUns,  by  C.  G.  Warnfotd  Lock,  M.  Inst.  M.M..  p.  301. 

X  Mr.  Geo,  Robson,  M,  Inst.  M.M.,  estimates  the  "  aerial  leu,"  as  it  miLy  be  termed, 
at  aboat  5  per  cenl,  of  the  ore  milled,  so  that  on  5627  tons  crushed  in  1S99,  it  amounted 
to  ziiz  tons;  irhitsl  342  tons  extra  of  "dust  "  were  collected  from  the  rolatory^dryei. 

§  Some  interesting  experiments  on  this  lubject  were  made  by  Mr.  £.  G.  Bonks  in 
New  Zealand,  clctailed  in  the  Trans.  Am.  Intl.  of  Mining  Engineer!,  toI.  xxii.  p.  671. 

li    '  The  Barrel  Chlorinstion  Proeess,'  The  Mineral  ludmtry,  toI.  ii.  p.  363. 
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"  A  machine  largely  used  in  flour-mills  is  now  being  used  in 
some  of  the  new  mills,  in  which  a  number  of  small  bags  are  carried 
radially  on  a  horizontal  cylinder,  and  arranged  so  as  to  collect  the 
dust  blown  into  it,  discharging  it  automatically  to  a  screw  conveyor, 
which  in  turn  carries  it  to  the  main  pulp-elevator  or  chute  leading 
to  the  storage  bins." 

"  Systems  of  hopper-bottomed  storage  bins  in  flues  are  also 
used,  into  which  the  dust  is  blown  and  settled.  These,  however, 
involve  labour  to  empty,  and  require  attention,  besides  giving  the 
dust  in  quantity  at  a  single  time,  which  causes  difficulties  in  its 
after  treatment." 

The  method  favoured  by  Mr,  Rothwell  is  to  mix  the  dust  with 
the  pulp  continuously,  treating  the  mixture  in  the  usual  manner, 
though  some  of  the  mills  separate  and  ship  the  dust  to  smelters, 
who  briquette  and  treat  it,  with  the  object  of  getting  over  the 
difficulty  of  treating  it  separately,  as  its  removal  gives  a  better 
leaching  product,  and  increases  in  consequence  the  capacity  of  the 
plant,  Mr.  Argall  lays  special  stress  on  the  need  of  properly 
"  housing-m  "  the  crushing  and  screening  machineiy. 

In  the  wet-crushing  mills,  at  Kalgoorlie,  the  general  use  of 
"  blankets,"  has  been  partly  dictated  by  Australian  custom,  partly 
by  the  fact  that  the  gold  in  the  brown-stone  is  "  free  "  and  not 
unfrequently  coarse  ;  but  no  doubt  mechanical  concentrators,  like 
the  Wilfley  table,  which  have  been  since  introduced,  do  better 
work  at  a  cheaper  cost,  and  save  a  good  deal  of  the  mercury, 
which  has  unquestionably  been  lost  in  the  "tailings,"  carrying 
gold  with  it.  With  sulphide  ores  the  tendency  lately  has  been  to 
carefully  classify  the  "  pulp  "  as  a  preliminary  step  to  concentration  ; 
and  to  put  in  canvas  tables  after  the  mechanical  tables  to  save  flne 
and  rich  sulphurets, 

Mr.  Skews  informed  the  author  that  he  found  the  stamp-stems 
were  exceptionally  liable  to  breakage  at  Kalgoorlie,  although  the 
stamps  did  not  seem  to  have  been  unduly  "  pounding."  The  average 
speed  of  the  battery  was  approximately  90  (varying  between  83  and 
97  seven-inch  drops  per  minute),  and  he  has  suggested  as  a  possible 
explanation  the  effect  of  the  salt  water. 

He  also  informed  me,  that  although  the  water  must  have  had 
an  average  temperature  of  100°  F.  during  the  day,  the  amalgam 
was  so  hard  it  was  impossible  to  clean  the  "  plate  "  with  an  ordinary 
rubber  or  scraper ;  which  may  perhaps  have  been  due  to  the  same 
cause.     It  would  be  interesting  to  know  whether   experience   in 
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other  cases  supports  either  of  these  suppositions,  as  other  explana- 
tions are  of  course  possible. 

If  salt  water  is  used  for  condensation  in  Wheeler  or  other 
similar  condensers,  it  is  a  heavy  source  of  expense,  and  in  one  mill 
I  am  informed  they  had  to  drill  out  every  pipe  with  augers  weekly, 
necessitating  a  stoppage  of  8  to  16  hours  per  week.  Fresh  or  con- 
densed circulating  water  should  therefore  be  used  for  "  condensing  " 
purposes.  Hot  salt  water  will  form  an  incrustation  on  pipes  at  the 
rate  of  I  inch  a  month,  destroying  their  efficiency ;  and  has  been 
found  to  tncrust  flumes  to  a  depth  of  over  4  inches.  The  water  in 
some  of  the  mines  is  corrosive,  due  to  the  presence  of  free  acid 
which  destroys  pipe-joints,  especially  if  they  happen  to  be  of  two 
different  metals. 

A  further  difficulty  which  steam-users  have  to  cope  with  is  the 
fact  that  some  Australian  hard-woods  appear  to  have  an  unusual 
tendency  to  coat  the  boilers  with  soot  and  oily  products  of  combus- 
tion, which  affect  their  efficiency,  and  are  liable  to  cause  the  plates 
to  get  "  burnt "  unless  the  boilers  are  constantly  cleaned  out,  tubular 
boilers  being  particularly  liable  to  suffer  in  this  respect,  especially 
if  of  the  vertical  type.  This  no  doubt  partly  results  from  imperfect 
combustion  in  the  fire-box,  and  can  be  mitigated  by  constructing  it 
so  as  to  admit  a  sufficient  amount  of  air,  and  by  careful  "  firing," 

High-pressure  water-tube  boilers  are  giving  satisfactory  results, 
I  am  informed,  but  special  attention  haste  be  given  to  the  filtration 
and  removal  of  oil  from  the  feed-water. 

The  cost  of  milling,  it  may  be  noted,  shows  wide  variations, 
as  in  other  fields,  being  determined  (l)  by  output ;  (2)  by  the 
machinery  that  the  process  employed  demands  to  recover  the 
gold  ;  (3)  by  the  cost  and  organisation  of  the  labour  in  each  mill, 
depending  to  some  extent  on  the  arrangement  of  the  plant ;  (4)  by 
economy  in  the  use  of  power  and  supplies,  which  results  from 
the  class  of  power  employed,  and  the  way  in  which  it  is  applied  ; 
the  size  and  type  of  boilers  and  mill  machinery  used  ;  the  quality 
and  cost  of  fuel  and  water  (if  steam  is  used) ;  and  the  care  with 
which  the  machinery,  wood,  water,  and  supplies  are  looked  after. 

To  determine  whether  the  best  is  being  done  that  can  be  done 
with  the  means  at  any  particular  manager's  disposal,  the  surrounding 
circumstances  in  each  case  must  be  exactly  known,  and  carefully 
studied  from  a  technical  standpoint,  which  no  one  except  a  pro- 
fessional man  can  possibly  do,  with  any  chance  of  arriving  at  a  true 
conclusion,  except  by  accident. 
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Tailings  Treatment. 

Whilst  the  battery  tailings  varied  considerably  in  value,  it  was 
soon  found  that  it  would  pay  handsomely,  as  a  rule,  to  "cyanide" 
them,  consequently  most  of  the  wet-crushing  mills  were  early 
equipped  with  "  cyanide-plant "  for  this  purpose.  The  tailings  not 
unfrequently  contained  some  pyrites  and  a  considerable  quantity  of 
"  black  sand,"  and  carried  up  to  z\  per  cent  or  more  of  soluble  salts 
(chloride  of  sodium  and  magnesium)  derived  from  the  mill  water. 
The  addition  of  a  small  quantity  of  slaked  lime  to  the  mill-launders 
conveying  the  tailings  to  the  dams  is  at  times  found  beneficial  to 
neutralise  acidity,  and  a  preliminary  wash  of  weak  caustic  soda 
(say  o*  1  per  cent,  strength)  is  often  used  to  diminish  the  consump- 
tion of  cyanide  ;  the  "  extractor-boxes  "  are  not,  however,  kept  in 
this  latter  way,  in  as  good  condition  as  by  using  lime. 

In  some  cases,  lai^e  heaps  of  battery-tailings  (sands  and  slimes) 
were  accumulated  in  the  early  days,  as  was  the  case  in  South 
Africa,  in  which  case  they  needed  to  be  trucked  from  the  heaps  to 
the  cyanide-works  ;  but  most  mills  subsequently  came  to  treat  their 
raw  or  "  green  "  tailings  direct,  as  they  come  from  the  battery.  In 
the  dams,  where  they  still  carry  a  lot  of  water  after  settling,  they 
present  a  dirty,  muddy,  grey  appearance ;  but  when  dried,  the 
oxidised  tailings  are,  as  a  rule,  of  a  red-brown  colour. 

At  the  Great  Boulder  the  average  assay  of  the  battery-tailings, 
as  already  stated,  was  8  dwt.  in  1898,  6  dwt.  in  1899,  and  5-5  dwt. 
in  1900.  The  fineness  of  the  pulp,  after  crushing  and  grindinghy 
the  process  previously  described  (which  is  no  doubt  due  in  a  large 
measure  to  the  argillaceous  and  calcareous  nature  of  the  ore,  apart 
from  its  schistose  structure),  may  be  judged  by  the  following 
figures,  given  in  the  company's  reports  for  1898  and  1899 : — 

1898.        1899. 


Pitted  (hrongh  a  siev«  having  32,500  holes  pet  iq.  i: 


85-8 
5-7 

6-S 


Experiments  ■  made  on  a  sample  of  North  Boulder  mill-tailings 
(crushed  in  the  Huntington  mills)  assaying  12  dwt.  16  gr.  of  gold, 

•  A  number  of  useful  nolcs  and  suggeslions  are  given  by  Mr.  Alfred  James,  in  regard 
to  the  inveElig.it ion  of  samples,  in  CyaniJe  Piadici,  3rd  edilion,  pp.  (jp)  31-36. 
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consisting  of  some  of  the  richer  and  coarser  sands  separated  from 
the  "  slimes  "  by  settlement,  showed  that : — 

15  remained  on  a  4i)-meili  sieye  .1        .        .        ,                    ,     .. 

15           ^^            50        _  I      AsMfingabout  1 01.  ofgoldpcf  ton. 

23             i[             90        ",  „          10  dwi.           „ 

47  passed               90        „  .         The  dimes  represented  about  30  per 

—  cenC  of  the  tailings  and  assayed 

100  6  dwt.  of  gold. 

Whether  mostly  owing  to  some  difference  in  the  character  of 
the  ore,  as  I  am  inclined  to  think  is  the  case,  or  partly  in  conse- 
quence of  the  different  treatment  it  has  previously  undergone,  it  is 
a  well-established  fact  that  whilst  in  some  instances  "the  slimes" 
in  the  battery-tailings  were  so  poor  as  not  to  be  worth  treating,  in 
other  cases  they  were  comparatively  high-grade  (running  as  they 
frequently  did  from  8  dwt.  to  over  an  ounce  in  value),"  and  this  led 
to  two  radically  different  lines  being  pursued,  in  dealing  with  them. 

In  ike  one  case,  as  at  the  North  Boulder  and  Boulder  Main  Reef, 
the  sands,  which  represent  between  40  and  50  per  cent,  of  the  total 
ore  crushed,  were  separated  from  the  slimes,  by  settlement  in  one 
dam,  and  the  "  slimes  "  were  collected  in  a  second  dam ;  the  clear 
water  which  flowed  to  a  "  sump,"  being  pumped  back  to  be  used 
over  again.  The  "  sands  "  thus  collected  were  generally  speaking 
the  more  valuable  portion  of  the  "  tailings"  and  were  hauled  to  the 
cyanide  plant,  and  treated  by  simple  "percolation"  ;  the  bulk  of  the 
slimes  at  North  Boulder  were,  in  fact,  too  low  grade  to  be  profitably 
treated,  generally  assaying  below  3  dwt.  It  may  be  remarked,  how- 
ever, that  the  Boulder  Main  Reef  Company  stated  in  their  fifth 
annual  report  (July  30,  1901),  that  in  the  seventeen  months  (from 
January  i,  1900,  to  May  31,  1901),  14,333  tons  of  slimes  from  the 
oxidised  ore,  and  sands  from  the  first  sulphide  plant,  yielded 
7585  oz. ;  and  the  cost  of  tailings  treatment  is  reported  to  have 
been  \Zs.  6\d.  per  ton. 

In  the  other  case,  as  at  the  Great  Boulder,  the  tailings  from 
the  settling  dams,  after  having  been  exposed  to  the  air  and  weather 
for  a  long  time,  having  lost  much  of  their  moisture  and  being 
mostly  in  the  form  of  "  slime,"  were  trucked  to  the  cyanide-plant, 
which  had  a  capacity  of  200  to  300  tons  per  24  hours,  and  after 
being  broken  up  in  a  "  disintegrator  "  were  run  into  a  "  sump," 
pumped  into  a  vat  with  radial  arms,  and  agitated  with  cyanide,  in 
agitation  vats,  to  dissolve  the  gold.     After  this  was  done,  the  pulp 

•  J.  K.  Wilson,  Tht  Mintral  Indvitry,  *oL  ix. 


,v  Google 


in    IVestem   Ausiratia.  353 

was  discharged  into  a  montejus,"  and  filter-pressed,  and  the  solu- 
tion was  passed  through  the  extractor-boxes,  and  returned  to  the 
sump.  In  1900,  a  Lidgerwood  hoist  handling  300  tons  a  day  was 
installed  to  dispose  of  the  residues.  The  cost  of  this  method  of 
treatment  in  1899,  dealing  with  23,707  tons,  appears  to  have  been 
1  \s.  91^.  per  ton,  as  set  out  in  detail  in  the  table  below  : — 

W«fies        .                                  .  6,19s    7  6 

Stores 41885     I  3 

Tracking t,3o8  13  f> 

Smelting  expeosea                           .  20  14  o 

FirewoM  and  fuel                  .  599  iS  5 

Lime 89  10  1 

Condensed  water                             .  z6l  19  2 

Proportion  compressed  air      .         .  496     3  5 

„          slable  expenses     .         .  88     7  10 


13,94s  14    *  =  liJ.  9-19./. 

There  was  also  another  group  of  mines,  such  as  the  Lake  View 
Consols,  Ivanhoe,  and  Golden  Horse-shoe,  where  crushing  through 
30-mesh  screens,  producing  about  an  equal  proportion  of  "  sand " 
and  "  slimes,"  a  third  system  of  treatment  has  been  pursued  ;  both 
battery  products  being  sufficiently  valuable  to  demand  separate 
treatment,  they  were  dealt  with  direct  (without  previous  settling 
in  a  dam),  and  the  gold  was  recovered  from  the  sands  by  "  per- 
colation," and  from  the  "  slimes  "  by  filter -pressing. 

Percolation  treatment,  zs  generally  applied  on  this  field,  presents 
no  particular  novelty,  but  a  few  special  points  in  connection  there- 
with may  be  noted  here. 

In  practice  in  this  district,  a  tendency  may  be  noticed  to  use 
large-diameter  shallow  vats,  rather  than  deep  ones,  on  account 
of  the  difficulty  experienced  In  percolation.  At  Waihi,  in  New 
Zealand,  in  the  same  way,  it  is  stated  by  Mr.  James  Parkt  that  a 
greater  depth  of  charge  than  24  inches  was  found  impracticable  for 
economical  working,  and  even  J  with  the  most  favourable  silicious 
material  it  seldom  exceeds  3  feet.  The  gold  is  more  readily 
dissolved  the  finer  the  ore  is  crushed,  but  this  advantage  is  neu- 
tralised by  the  mechanical  troubles  caused  by  "sliming"  the  ore. 

•  A  good  description  of  montejus  is  given  in  Tlie  Uineral  Industry,  vol.  v.  p.  279, 
and  in  the  Report  of  the  Under-Secretary  of  Mines,  Queensland,  1899,  p.  300.  [n  the 
newest  type  an  ur-jet  is  employed  to  agibtte  the  contents,  and  prevent  the  coarsest 
portii»i  of  the  pulp  settling. 

t  'Cyaniding  in  New  Zealand,'  by  James  Park,  F.G.S.,  M.Inst.  M.Vf.,  Tram.  Am. 
tntt.  cf  Mining  Engiiueri,  vol.  xiin.  p.  67*. 

X  The  Cyanide  Proten,  by  Park,  p.  65.    (Chas.  Griffin  i  Co.) 
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The  gold,  I  am  informed,  is  quite  as  readily  soluble  in  Western 
Australia  as  in  the  South  African  ores  ;  but  "  slimes  "  require  longer 
to  settle,  and  the  comparative  coarseness  of  the  gold  in  the  sands 
no  doubt  serves  to  explain  the  length  of  time  sometimes  needed 
to  obtain  a  high  percentage  of  extraction. 

The  riveting  of  the  steel  vats,  which  are  largely  used  on  this 
field,  costs  about  \l.  %s.  \Q\d.  to  i/.  4j.  %d.  per  lOO  rivets,  the 
rivets  being  snapped  or  hammered,  and  the  joints  caulked.  If 
tested  with  salt  water,  unless  thoroughly  washed  out  to  remove 
the  salt,  the  paint  does  not  properly  adhere  to  the  steel. 

Cotton-twill  vacuum  cloths,  common  house  canvas,  hessian  and 
jute,  have  been  tried  ;  the  hessian  did  not  last  more  than  two 
months ;  the  canvas  between  three  and  four ;  whilst  the  twill  lasted 
longest ;  *  the  jute  also  giving  satisfaction. 

Mr.  Robert  Allen  considers  New  Zealand  kauri  pine,  American 
redwood,  or  Queensland  cedar  (grown  north  of  Rockhampton)  more 
suitable  woods  than  teak,  as  a  material  for  extractor-boxes,  and 
informs  me  that  a  good  tight  joint  may  be  made  with  j^g-inch  thick 
rubber-tape  insertion  ;  instead  of  painting  them,  the  inside  of  the 
boxes  can  be  treated  with  paraffin  wax  (melting  point  120"  F.), 
rubbed  in  with  a  hot  "  iron."  A  zinc  capacity  of  5  cubic  feet  per 
box,  with  three  boxes,  was  found  sufficient  to  precipi- 
tate the  gold  at  North  Boulder  ;  but  with  richer  tail- 
ings this  would  need  to  be  increased,  and  sufficient 
slime-capacity  is  not  always  allowed  underneath  the 
trays  for  the  accumulation  of  the  "  zinc  slimes." 

Wooden  plugs  working  in  iron  openings  in  the 
extractor-box  launders  do  not  seem  to  answer  well, 
and  Mr,  Robert  Allen  suggested  to  the  Author,  that  a 
better  arrangement  in  place  of  plugs  would  be  in  the 
form  of  a  pickle-bottle  stopper,  as  per  sketch  (Fig.  47A). 
A  C  being  cylinders  of  wood,  smaller  in  diameter  than  the  hole  to  be 
plugged  ;  B,  a  rubber  cylinder,  just  less  than  the  size  of  the  hole  to 
be  closed ;  D,  a  pin  screwed  into  C,  passing  through  A  and  B,  freely, 
and  threaded  at  the  outer  end  ;  E,  a  thumb-screw  which,  when  turned 
brings  A  and  C  together,  compressing  B,  and  expanding  it  in  the 
hole  to  be  stopped. 

In  some  cases,  when  steel  distributor-boxes  are  used  to  collect 
the  liquors    issuing  from  the  vats,  to  avoid  straining  the  boxes, 

*  Mr.  Alfred  Jan)«9  sUles,  that  treating  about  i;oo  tons  of  slimes  a  month  70  ^ardi 
or  cloth  are  required,  which  at  u.  gd.  pei  yard  repretents  id.  pn  I03 ;  i  yard  treating 
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causing  danger  of  leakage,  a  liquor-distributing  box  might  be 
used,  divided  longitudinally  into  as  many  compartments  as  neces- 
sary (corresponding  with  the  number  of  boxes),  with  pipe  connec- 
tions to  the  boxes  at  each  end  of  each  compartment,  and  with  a 
short  length  of  hose  placed  at  the  end  of  the  main  delivery  pipe, 
enabling  the  liquor  to  be  easily  diverted  into  the  several  compart- 
ments of  the  distributing  box. 

Zinc  discs  cost  about  ^^d.  per  lb.  f.o.b.  the  works,  and  cutting 
say  30  lb.  in  eight  hours  adds  over  41/.  per  lb.  to  the  price,  not 
allowing  for  loss  of  zinc  and  cost  of  power.  Zinc  in  sheet  form, 
wrapped  round  a  wooden  mandril,  can  be  turned  in  a  screw- 
cutting  lathe,  with  a  forward  movement  of  jJu  inch  at  each  revolu- 
tion, at  a  cost  of  8  •  7  id.  per  lb.  for  "  shavings." 

Patent  zinc-cutting  machines  are  used  on  some  large  works,  but 
are  too  expensive  in  first  cost  for  small  mines. 

It  would  appear  that  a  fine  state  of  division  of  the  gold  does 
not  always  render  it  amenable  to  cyanide,  as  at  Cooke,  in  Montana, 
Mr.  Packard"  mentions  that  the  free-gold  present  in  the  ore, 
although  so  fine  as  to  pass  a  6>mesh  screen,  could  not  be  ex- 
tracted in  the  length  of  time  usually  allowed  for  leaching,  by 
ordinary  weak  cyanide  solutions,  and  it  would  not  pay  to  use 
stronger  ones,  or  extend  the  time  of  treatment. 

As  regards  the  use  of  lime,  Mr.  Merrill  t  has  pointed  out  that 
the  consumption  of  cyanide  occasioned  by  the  presence  in  the  ore 
of  certain  compounds  of  iron  and  manganese  can  frequently  be 
obviated  to  a  large  extent  by  mixing  lime  with  ores  of  this  class ; 
but  at  other  times,  particularly  in  leaching  partially-oxidised 
pyritic  ore,  there  is  a  consumption  of  cyanide  which  the  use  of  lime 
will  not  overcome.  A  standard  of  alkalinity  should  be  maintained 
in  sump-solutions,  but  any  excess  of  alkali  is  detrimental  with  ores 
containing  sulphides,  and  is  also  said  to  cause  waste  of  zinc. 
Alfred  James  (3p)  p.  43,  3rd  edition  of  Cyanide  Practice. 

Experiments  also  made  by  Mr.  Packard  indicate  that  the  loss 
of  cyanide  in  the  zinc-boxes  may  be  very  high  with  a  strong  (i  per 
cent)  cyanide  solution  if  an  impure  lime  (containing  alumina 
and  magnesia)  is  mixed  with  the  ore  in  the  tanks  ;  but  the  loss  is 
less  as  a  rule  when  lime  is  used  than  when  the  acidity  in  certain 
ores  is  neutralised  with  caustic  soda,  the  excess  of  lime  or  caustic 

•  'The  Cyanide  Process  io  the  United  States,'  by  Geo.  A.  Paekaid,  Tram,  Am. 
Iiul.  of  Mining  En^ntcrs,  vol.  xicvi. 

t  'The  Present  Limitations  of  the  Cyanide  Process,'  by  C.  W.  Merrill,  Trant. 
Am.  Iml,  Mining Enginitrt,  vol.  xxt.,  p.  104. 
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soda,  and  resulting  salts,  not  being  washed  out  before  the  cyanide 
solution  is  added.  He  states,  however,  that  he  found  the  con- 
sumption of  zinc  was  slightly  less  when  soda  was  used.  In  some 
cases,  it  has  been  claimed  that  a  freshly-made  solution  of  sodium 
dioxide  added  to  the  cyanide  solution  (Kendall's  process),  or  the 
dioxide  mixed  with  the  ore  dry  by  furnishing  "nascent"  oxygen, 
which  liberates  cyanogen,  decreases  the  time  required  for  leach- 
ing ;  and  at  the  Commercial  mill  in  Utah  a  preliminary  treatment 
with  a  solution  of  sodium  dioxide  in  water  is  stated  *  to  have  given 
better  results  in  neutralising  acidity  in  the  ore  than  either  lime  or 
caustic  soda ;  but  the  action  of  this  reagent  in  hastening  the 
reaction  does  not  appear  to  last  for  more  than  24  to  48  hours,  and 
at  the  end  of  a  long  time  it  does  not  seem  to  accelerate  the  action 
of  ordinary  cyanide, 

Mr.  Merrill  has  remarked  that  as  the  solutions  become  fouled 
by  the  presence  of  base  metals,  their  extractive  power  becomes 
weakened,  even  when  the  normal  percentage  of  active  cyanogen  is 
maintained  by  the  addition  of  fresh  quantities  of  cyanide,  which 
may  be  due  to  the  fact  pointed  out  by  Mr.  Maclaurin,  in  the 
Journal  of  the  Chemical  Society  (February  1895),  that  the  rate  of 
dissolution  of  the  gold  decreases  as  the  viscosity  of  such  solutions 
increases,  and  as  the  absorption  co-efficient  of  oxygen  decreases. 

This  fact  has  been  commented  upon  by  Mr.  Janies,t  who  re- 
marks that  sump-solutions  "contain  amongst  other  matters, salts  of 
zinc,  iron,  occasionally  copper,  alkalies,  and  alkaline  carbonates, 
ammonia,  and  sulpho-cyantdes ; "  and  "  unless  these  constituents  are 
prevented  from  accumulating  in  the  solutions,  the  solvent  power 
on  the  precious  metals  of  any  added  cyanide  must  sooner  or  later 
be  impaired."  He  found  that  the  addition  of  lime  improved  the 
extraction  in  the  case  of  quartzose  tailings  carrying  free  gold  ;  but 
as  before  noted,  it  has  a  deteriorating  effect  on  ores  containing  sul- 
phides. Where  lime  failed,  he  found,  however,  that  treatment  with 
sodium  sulphide  (taking  care  to  avoid  an  excess)  followed  by  the 
addition  of  a  small  quantity  of  soluble  lead-salt  (acetate  or  chloride), 
in  excess,  was  efficacious.  Time  must,  however,  be  given  in  both 
cases  for  any  precipitated  sulphides  to  separate  out  and  subside. 

Although  it  costs  rather  more,  Mr.  James  advocates  the  use  of 

•  'The  Cyanide  Proctss  in  the  United  SWtes,'  by  Geo.  A.  Pacltird,  Tram.  Am. 
Iml.  if  MtHing  Engineer!,  vol.  xivi. 

t  '  Notei  on  Sump -Solution*,  Extmclor-Boz  Work,  and  Cle«uiiag-up  in  the  Cyanide 
Procen,' by  Alt  James,  H.InU.M.M.,  Ti-ans.Intt.  ^  Miuiug  and  Mdalhro,  voL  vi. 
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lead-free  zinc,  partly  in  order  to  avoid  the  fine  of  from  31/,  to  is.  8rf 
(averaging  about  <jd.)  per  ounce  of  fine  gold,  imposed  by  the 
London  refiners  on  base  bullion  containing  lead,  partly  because 
experiments  he  made  demonstrated  that  the  loss  of  gold  in 
the  treatment  of  the  "gold-slimes"  is  reduced  by  about  0"2  per 
cent,  when  compared  with  the  loss  that  obtains,  if  ordinary  zinc  is 
used ;  and  also  because  it  reduces  the  quantity  of  material  (slimes) 
to  be  treated.  Mr.  James  mentions  that  "  an  experiment  with  lead- 
free  zinc  gave  a  total  loss  of  only  0*52  per  cent,  with  direct  fusion 
of  the  sieved  slimes,  the  coarse  zinc  being  treated  with  sulphuric 
acid,  and  the  residue  added  to  the  slimes." 

Mr.  Leggett*  has  pointed  out  a  fact  de-ierving  notice,  that 
where  the  sulphuric  acid  method  is  used,  all  the  disagreeable  and 
loss-provoking  sulphate  of  zinc  (in  the  subsequent  melting),  are 
eliminated  by  means  of  hot-water  washes  pumped  through  the 
"gold-slimes,"  at  a  pressure  of  60  to  80  lb.  to  the  square  inch 
in  the  apparatus  which  he  describes. 

Mr.  Alfred  James  states  f  that  "  a  comparison  between  melting 
direct  and  a  preliminary  treatment  with  sulphuric  acid,  gave  results 
depending  on  the  purity  of  the  slimes ;  when  these  had  been 
passed  through  a  40-mesh  sieve,  to  free  them  from  coarse  zinc, 
melting  direct  gave  a  fairly  pure  bullion,  and  at  least  as  good 
results  as  with  acid  treatment ;  but  with  scrap  and  coarse  zinc 
included,  the  advantage  lay  with  the  latter  method,"  Fabre  du 
Faure  tilting-furnaces  are  used  in  some  cases  for  smelting  the 
"gold-slimes,"  J 

Cyanide  naturally  varies  in  price  at  Kalgoorlie  ;  freight  charges 
adding  from  ^.  to  id.  per  lb.  to  the  cost  in  London,  so  that  at 
I2§4/.  it  would  cost  about  il\d.  delivered. § 

*  '  Additional  Notes  on  the  Treatment  of  Zinc-Box  Precipitates  (Slime*)  from  the 
Cyanide  Process,"  by  T.  H.  L^gett,  M.  IniL  M.M.,  Traiu,  Intl.  a/ Mining  and Mttal- 
lurgy,  vol.  T.  t  Of.  dl. 

J  An  improved  method  of  cleaning-np  gold-slimes  (precipitate)  by  direct  fluxing 
with  litharge  (for  which  a  considerable  saving  over  other  methods  ii  claimed),  is  de- 
scribed by  Mr.  R.  S.  Taverner  of  the  Bonanza,  in  a  "  paper  "  recently  read  before  the 
Chemical  and  Metallurgical  Society  of  South  Africa,  of  which  particulars  are  given  in 
the  Minin£  Journal,  December  6,  1903.  This  process  is  dealt  with  in  Cyanide  rraetiee, 
3id  edition,  from  which  it  appears  that  Hr.  Taverner  estimates  the  cost  of  cleamng-up 
by  this  method  at  31/.  per  tine  oz.  of  gold  recovered,  as  compared  wiih  Ij-.  to  ij-.  ■^.  \fj 
the  acid  01  the  roa.' ting- process  used  on  the  Kand,  and  it  is  slated  to  show  to  per  cent, 
greater  recovery  ;  the  losses  in  cleaning-ap  averaging  formerly  over  6  per  cent. 

%  In  Cyanide  Pnictiu,  3rd  edition  (3p}  p.  7,  it  is  stated  that  soda  cyanide  is  nav 
made  of  great  purity  127-129  per  cent,  (in  terms  of  KCy),  but  it  is  ptoporlionately  mote 
expensive,  and  requires  the  use  of  more  alkali  to  solutions  than  the  ordinary  double- 
cyanide.  The  cost  of  this  latter  chemical  may  he  materially  cheapened  by  new  processes 
of  manofactute. 
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Filter-press  triatment "  is  more  or  less  peculiar  to  Kalgoorlie, 
and  has  been  brought  to  the  high  state  of  perfection  it  has  attained 
through  the  exigencies  of  local  requirements  and  conditions.  At 
the  end  of  1931  there  were  95  filter-presses  in  operation  on  the 
East  Coolgardie  gold-iields.  The  first  filter-presses  introduced 
into  Western  Australia  were  built  by  Jas,  Martin  and  Co.,  of 
Gawler,  South  Australia,  and  were  employed  at  the  25-miIe 
cement  claims,  near  Coolgardie.  The  comparatively  large  pro- 
portion of  slimes  produced,  whether  in  crushing  the  oxidised  ores 
or  milling  the  sulphide  ores  in  this  particular  district,  gives  special 
importance  to  the  slimes  branch  of  the  tailings  treatment,  which 
is  accentuated  by  the  actual  as  well  as  the  relatively  high  value 
of  the  slimes  that  the  Kalgoorlie  tailings  carry.  Under  the  con- 
ditions that  obtain  on  this  field  ("  decantation  "  f  being  imprac- 
ticable), a  more  expensive  method  of  gold-recovery  can  be  em- 
ployed than  would  ordinarily  be  permissible ;  provided  it  ensures 
close  and  rapid  extraction,  and  admits  of  expeditiously  handling 
large  quantities  of  material.  Moreover,  the  difficulty  and  cost  of 
obtaining  water  in  Western  Australia  render  it  important  that  it 
should  be  conserved  with  as  little  loss  as  possible  from  waste  and 
evaporation ;  and  this  influences  the  question  in  some  degree. 

The  suitability  of  the  filter-press  for  coping  with  the  difficulties 
presented  by  the  treatment  of  slimes  (whether  oxidised  or  sulphide), 
under  the  combination  of  circumstances  described,  is  now  generally 
recognised  ;  and  the  subject  has  been  admirably  and  very  fully 
dealt  with  by  Mr.  Wilson,}  to  whom  the  Author  is  much  indebted 
for  information  incorporated  in  the  following  description.  It  must 
be  recollected,  however,  that  the  material  dealt  with  contains  a 
certain  proportion  of  fine  "  sands,"  and  does  not  correspond  in 
fineness  with  "  slimes,"  as  the  term  is  understood  in  South  Africa. 

Filter-pressing  was  first  introduced  at  the  Lake  View  Consols 
at  Kalgoorlie  early  in  189S,  when  the  company  experimented  with 
one  of  the  Dehne  presses  on  some  oxidised  slimes  from  the  old 


*  A  paper  on  Ihiii  subject  wu  read  before  [he  Institution  of  Mining  and  Metallui^ 
in  London,  by  Wm.  McNeill,  M.  Inst.  M.M.,  in  189S  {Traiu.,  vol.  vi.),  which  gives  a 
number  of  inleresling  particuUts  of  the  early  application  of  thii  system  of  Iieatment  as 
piactised  in  Wettern  Australia.  Filler-pz casing  is  aJso  dealt  wiib  by  C  G.  Warnford 
Liwi,  in  Gold  Milling,  E.  &  F.  N.  Spon,  Ltd. ;  and  Allied  James  in  Cyamdi  Fraclici, 
3rd  edition  (jp)  pp.  32-36,  gives  very  full  instrucuons  for  operating  filter- presses 

\  The  relative  merits  of  "  filter-press  treatment  "  and  "  decantation  for  ihe  treat- 
mcDt  of  Rand  slimes  has  recently  been  discussed,  'Notes  on  the  Treatment  of  Slimei 
by  Filler- Presses,'  by  Chas.  Diion,  A.I.M.M.,  a  paper  read  befote  the  Chemical  and 
Metallurgical  Socieiy  of  South  Africa,  an  at>Etract  of  which  and  the  discussion  is  given 
in  Ihe  Mining  youma!,  London,  October  4,  iS,  15,  and  November  15  and  32,  1902. 

I  '  The  Filler-piess  Treatment  of  Slime  in  Western  Australia,'  by  J.  K.  Wilson,  Thi 
Mineral  Inauilry,  vol.  iz. 
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battery,  and  subsequently  commenced  to  work  oxidised  slimes  on 
a  lai^e  scale  ;  whilst  to  the  Great  Boulder  Main  Reef  Co.  belongs 
'the  credit,  I  believe,  of  being  the  first  to  successfully  treat  roasted 
sulphide  and  telluride  slimes  in  filter-presses.  The  illustration 
(Fig.  48),  shows  a  filter-press  in  use  at  the  Lake  View  Consols. 
As  the  result  of  exfwriments  carried  out  by  various  other  com- 
panies, it  has  been  found  that  the  time  occupied  in  thoroughly 
washing  the  large  bodies  of  rich  slime  that  have  to  be  dealt 
with  is  too  great  to  enable  decantation  to  compete  as  an  alterna- 
tive method  with  the  more  rapid  work  of  the  filter-press,  although 
the  latter  is  the  more  costly  of  the  two,  in  consequence  of  which 
it  has  so  far  been  unable  to  take  the  place  of  decantation  else- 
where for  the  treatment  of  low-grade  slimes.  Mr,  Wilson  classifies 
filter-press  plants,  broadly  speaking,  under  two  heads,  "single" 
and  "  double-pressing." 

The  method  of  "  Single-pressing" — This  method,  he  remarks, 
"  is  applicable  for  the  treatment  of  (a)  slime  containing  gold  so 
readily  soluble  that  it  may  be  dissolved  in  the  press,  and  {b")  sUme 
from  a  dry-crushed  ore,  or  one  that  has  been  lying  exposed  to  the 
sun  and  the  weather,  and  contains  but  little  moisture. 

"At  Kalgoorlie  single-pressuig  is  carried  out  in  two  ways:  (l) 
where  the  gold  is  brought  into  solution  in  the  presses  themselves  as 
at  the  Lake  View  and  Golden  Horse-shoe  mines  ;  (2)  •  where  it  is 
dissolved  in  agitation  vats  prior  to  entering  the  presses — the  press 
being  used  merely  as  a  filtering  medium,  as  at  the  Brown  Hill, 
Ivanhoe,  and  Great  Boulder  mines. 

"  The  modus  operandi  is  as  follows  : — The  slime,  on  leaving  the 
distributing  vats  where  the  bulk  of  the  sand  has  been  settled,  is 
passed  through  a  series  of  pointed  boxes,  or  spitzkasten,  and  any 
sand  which  may  have  escaped  the  distributors  is  caught.  The  true 
slime,  98  per  cent  of  which  will  pass  a  i  so-mesh  screen,  flows  into 
settling  tanks,  and  the  excess  of  muddy  water  is  drawn  off  and 
pumped  through  two  presses  set  apart  for  this  purpose.  When  these 
presses  become  full  of  slime,  they  are  dealt  with  in  the  same  manner 
as  the  others,  the  water  being  returned  to  the  mill. 

"  As  the  slime  settles  in  the  tanks,  it  is  run  out  from  the  bottom 
into  the  montejus-tank  and  forced  into  presses  by  means  of  com- 
pressed air,  the  pressure  required  being  from  30  to  60  lb.  per 
square  inch,  according  to  the  thickness  of  the  cake.  The  clear 
water  is  returned  to  the  battery,  and  a  solution  containing  about 
St  generaUy  adopKd,  and  seems  to  be  the  better  practice 
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0'2  per  cent.  KCy  is  pumped  through  the  press ;  compressed  air 
also  being  forced  through  the  charge,  at  intervals  of  five  minutes 
or  so,  until  the  gold  is  dissolved.  The  wash,  either  of  weaker 
cyanide  solution  or  water,  then  follows,  and  the  charge  is  dried  to 
a  certain  extent  with  compressed  air,  after  which  the  press  is 
opened  and  discharged.  It  is  found  that  all  the  gold  passes  into 
solution  in  about  twenty  minutes,  and  the  whole  operation  of 
treatment  is  completed  in  about  two  hours." 

Mr.  Wilson  adds,  that  it  is  a  remarkable  fact  with  certain 
Kalgoorlie  ores,  that  a  prior  agitation  in  vats  for  three  or  four  hours 
gives  no  better  extraction  than  is  effected  in  the  press  with  aerations, 
as  described,  and  he  concludes  that  air  under  pressure  has  a  re- 
markably beneficial  effect  in  aiding  the  solution  of  the  gold,  as 
shown  by  the  fact  that  "  whenever  air  has  been  forced  through 
the  charge,  the  exuding  liquors  are  of  increased  gold  content" 

The  disadvantages  of  this  system  of  treatment,  as  compared  with 
imitation  previous  to  filter-pressing,  seem  to  be  that  it  requires  a 
greater  number  of  presses  to  treat  a  given  quantity  of  material, 
involving  a  larger  capital  outlay  on  plant  than  would  be  needed  with 
agitation.  On  the  other  hand,  Mr.  Wilson  claims  that  it  is  the 
cheaper  of  the  two  to  operate ;  whilst  the  water  is  returned  direct 
to  the  mill,  and  there  is  no  accumulation  of  liquors. 

T lie  second  tnelhod  of  single-pressing  d\^crs  from  the  preceding 
one,  in  that  the  gold  is  dissolved  in  agitation  vats — the  presses  are 
merely  used  as  a  filtering  medium. 

This  method  is  applicable,  Mr.  Wilson  observes,  "  for  the  treat- 
ment of  slime  from  an  ore  which  has  been  dry-crushed,  or  which 
contains  but  little  water,  and  consequently  requires  a  longer  con- 
tact with  cyanide  solution  in  order  to  extract  the  gold.  It  cannot, 
however,  be  recommended  for  the  treatment  of  slimes  coming 
direct  from  a  wet-crushing  mill  and  carr>'ing  much  water,  as  in 
this  case  the  cyanide  liquors  accumulate  to  a  lai^e  extent,  and 
have  consequently  to  be  run  to  waste,  causing  loss  of  cyanide 
liquor,  and  to  a  certain  extent,  gold."  This  latter  class  of  "  slime  " 
is,  therefore,  more  suitably  dealt  with  by  "  double  filter-pressing," 
as  it  requires  longer  contact  with  cyanide  to  extract  the  gold. 
Agitation  and  single  filter-pressing  is  employed  at  the  Brown  Hill, 
Ivanhoe  and  Great  Boulder  plants  in  the  treatment  of  their  slimes. 

Though  the  next  process  would  come  more  properly,  perhaps, 
under  the  head  of  "  sulphide  treatment,"  it  may  be  discussed  here, 
as  it  occupies  a  sort  of  intermediate  position  ;  being  used  for  both 
oxidised  and  sulphide  ores. 
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Double  filter-pressing. — To  quote  Mr.  Wilson,  this  method  "is 
the  one  employed  for  the  treatment  of '  slime  '  which  has  been  wet- 
crushed,  and  consequently  requires  a  long  contact  with  cyanide  in 
order  to  dissolve  the  gold.  Although  slightly  more  costly  as  regards 
working  expenses  than  single-pressing,  it  is  to  be  recommended  as 
the  one  most  generally  suitable  to  all  classes  of  ore,  as  well  as  the 
one  most  likely  to  give  the  highest  extraction.  With  regard  to  the 
treatment  of  sulphide-slime  at  Kalgoorlie,  there  is  little  doubt  but 
that  the  double-pressing  method  will  be  the  one  eventually  adopted. 

"  The  method  of  procedure  is  as  follows :  The  finely-pulverised 
slime  is  forced  by  means  of  compressed  air  or  pumps  alternately 
into  one  of  two  presses  set  above  two  lai^e  agitation  vats  (which 
serve  to  a  great  extent  also  as  sumps)  where  the  water  is  separated 
from  the  slime  and  returned  to  the  mill  or  the  pans  as  the  case  may 
be.  The  press  being  full  of  slime  containing  about  30  per  cent,  of 
moisture  is  now  opened,  and  the  slime  is  discharged  into  the  vat 
below,  where  it  is  quickly  disintegrated  by  means  of  agitation  arms 
kept  in  continuous  slow  motion,  and  becomes  thoroughly  mixed 
with  cyanide  solution  in  the  vat,  causing  the  gold  to  be  dissolved. 
From  these  vats  the  pulp,  which  now  consists  of  slime  and  solution 
in  about  equal  parts,  flows  into  two  montej'us  tanks,  from  which 
it  is  forced  into  a  second  series  of  four  presses,  where  the  cyanide 
solution  is  separated  from  the  '  slime.' 

"  The  charge  is  washed  and  dried  in  the  press,  and  discharged 
into  trucks  and  dumped,  whilst  the  auriferous  cyanide  liquor  and 
washes  are  conveyed  through  the  zinc  precipitation-boxes  back  to 
the  agitation-vats,  or  to  a  small  sump  which  is  attached  to  the  plant 
for  washing  purposes,"  The  extra  cost  of  "  double  "  over  "  single  " 
pressing  is  in  filling  and  discharging  the  two  first  presses  and 
separating  the  water,  which  Mr,  Wilson  estimated  would  not  exceed 
IS.  a  ton  (two  men  per  shift  and  two  presses  being  able  to  deal  with 
the  moisture  of  100  tons  daily),  whilst  it  presents  the  advantages  of 
saving  cyanide  and  conserving  water,  the  recovery  of  which,  in  addi- 
tion to  the  probable  recovery  of  a  few  more  grains  of  gold  per  ton, 
Mr.  Wilson  considered  would  soon  defray  this  cost ;  in  recent  prac- 
tice, however,  single-pressing  seems  to  have  more  than  held  its  place. 

Double  filter-pressing  as  formerly  applied  to  the  treatment  of 
Roaited  Sulphide  Ores  is  discussed  in  the  next  chapter  ;  the  plant 
used  is  substantially  the  same  as  that  just  described,  its  chief  object 
being  to  wash  out  the  soluble  salts  produced  in  roasting.  The 
directions  in  which  filter-press  treatment  seems  most  likely  to  be 
cheapened  are  by  enlai^ing  the  capacity  of  the  presses  and   by 
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increasing  the  thickness  of  the  "cakes  of  slime"  they  hold,  provided 
that  mechanical  difficulties  are  not  met  with  in  the  construction 
and  operation  of  these  large  size  presses. 

Presses  holding  i^  tons  (having  a  capacity  of  about  10  tons  of 
slime  per  diem)  were  used  in  some  of  the  older  mills,  but  most  of 
the  "  presses "  at  present  in  use  take  3  to  4I  tons  of  dry  slime, 
and  the  limit  of  size  so  far  reached  successfully  is  stated  to  be 
6  tons.  I  am  informed  that  experiments  recently  carried  out  at 
Kalgoorlie  have  demonstrated  that  in  place  of  cakes  7^  or  3  inches 
thick,  it  has  been  found  feasible  to  woik  them  up  to  6  inches  or 
even  more,  with  satisfactory  results  as  regards  leaching.  This 
ought  therefore  to  reduce  the  time  taken  in  filter-pressing  a  charge  ; 
if  leaching  these  thicker  cakes  does  not  take  proportionately  longer  ; 
and  at  any  rate,  it  should  expedite  the  operation  of  emptying  the 
presses,  and  save  wear  of  filter-cloths,  and  so  reduce  expense,  pro- 
vided that  mechanical  difficulties  are  not  met  with  in  the  construc- 
tion and  operation  of  these  lai^e-size  presses.  A  correspondent  of 
the  London  Mining  Journal  (October  12, 1901)  said  :  "  Filter-presses 
for  roasted  ore  should  be  made  stronger ;  no  cake  should  be  less 
than  48  inches  square  by  6  inches  thick.  By  the  adoption  of  the 
above,  together  with  hydraulic  pressure,  the  cost  of  filter-cloths, 
labour,  etc.,  would  be  reduced  50  per  cent  Now  the  largest  cake 
on  the  Beld  is  40  inches  square  by  3  inches  thick,  which  is  ample 
for  oxidised  slimes,  necessitating  an  air  pressure  of  from  60  to  80  lb., 
whereas  the  3-inch  cake  for  roasted  slimes  requires  a  pressure  of 
only  10  to  15  lb." 

Mr.  James  describes  •  a  special  filter-press  used  for  "cleaning- 
up "  purposes,  which  has  plates  12  inches  to  24  inches  square, 
machined  on  the  edges  to  prevent  leakage  of  "  gold  slimes,"  by  the 
use  of  which,  he  remarks,  the  clean-up  is  greatly  simplified. 

The  average  number  of  charges  put  through  a  press  does  not 
exceed  ten  to  twelve  per  24  hours,  although  the  cycle  of  charging, 
pressing,  washing  and  dischat^ing  may  be  completed  in  from 
I  to  1 1  hour  ;  and  the  discharging  alone  occupies  about  20^minutes. 

Mr.  James  \  describes  several  improvements  recently  made  in 
the  construction  of  filter- presses. J 

Handling  the  Battery-Tailings.  —  To  conserve  the  battery- 
tailings,  owing  to  the  general  flatness  of  the  country,§  whether 
■they  are  stored  or  treated  direct,  the  sands  and  slimes  have  usually 

*  Cyamit  Pftulitt,  \>.  33.  t  Op.  cil.,  pp.  73  and  163. 

X  The  deiaila  and  cott  of  a  complete  lilttr-press  plant  ate  given  in  ihe  Mining 
youmal,  London,  November  15,  190a. 

f  The  slope  of  the  ground  in  the  BouJileT  Main  Reef  dam  I  an  infonned  U  Sin  loo. 
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to  be  elevated,  and  this  is  accomplished  at  the  Great  Boulder 
Main  Reef  and  North  Boulder  mills  by  means  of  "  tailings- wheels  " 
whilst  at  other  plants,  like  the  Ivanhoe,  they  use  "tailings-pumps." 

The  dams  are  formed  of  banks  of  dry  tailings,  faced  with 
"sludge,"  if  the  tailings  are  sandy,  and  are  cheap  to  construct ; 
but  the  arrrangements  for  settling  and  clarifying  the  water  were 
not,  as  far  as  the  Author  observed,  when  he  visited  the  field  in 
1S98,  generally  carried  to  as  high  a  pitch  of  perfection  as  in  some 
other  localities,  notably  Charters  Towers  in  Queensland. 

The  "  Tailings-  Wheels"  illustrated  in  Fig.  49,  which  shows  the 
Golden  Horse-shoe  wheel,  are  mostly,  I  believe,  constructed  with 


F[G.  49. — The  Golden  Horse-shoe  Works  (showing  Tailings-Wheel). 

outside  buckets  ;  the  one  at  the  Great  Boulder  Main  Reef  mill 
(which  was,  I  am  informed,  the  first  to  be  built  in  Western  Aus- 
tralia) elevates  the  tailings  about  18  feet.  The  German  type,  with 
inside  buckets,  appears,  however,  to  possess  several  features  to 
recommend  it.  At  the  Ferreira  Deep  on  the  Rand,  there  is  a  fine 
double-bucket  wheel,  60  feet  in  diameter,  of  which  an  illustration 
given  in  Fielden's  Magazine,  November  1900. 
The  "  Tailings-Pumps,"  which  are  in  common  use  for  the  same 
purpose,  are  able  when  necessary  (as  is  sometimes  the  case)  to  lift 
the  tailings  to  a  much  greater  height  than  the  tailings-wheels. 
They  are  of  the  usual  Australian  pattern,  of  which  the  pump  at  the 
Ivanhoe  may  be  described  as  an  example. 
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It  is  furnished,  as  I  was  informed  by  Mr.  Hewitson,  with  a. 
12-inch  plunger,  with  a  5-  to  6-feet  stroke,  and  lifts  the  battery- 
tailings  a  height  of  50  feet  to  deliver  them  to  the  cyanide  plant ; 
it  is  actuated  by  a  pinion,  spur-wheel  and  sweep-rod,  driven  by 
rope-gear  from  a  16-inch  by  22-inch  stroke  high-pressure  slide- 
valve  engine,  built  by  Fraser  and  Chalmers.  Indiarubber  valves 
resting  on  cast-iron  seating  are  used  throughout  the  pump,  and 
answer  well  The  pole-cases  are  fitted  with  outside  packed  glands, 
and  Laidlaw's  patent  "  water-rings."  The  usual  stroke  is  5  feet, 
and  the  speed  of  the  plunger  is  100  feet  per  minute.  The  special 
feature  of  this  class  of  pump  is  the  introduction  of  water,  under 
extra  high  pressure,  below  the  stuffing-box  of  the  plunger-case,  to 
prevent  the  sand  from  rising  and  cutting  the  packing  to  pieces,  as 
otherwise  would  happen.  I  am  not  aware  whether  inclined  Archi- 
medean-screw centrifugal  pumps  have  been  tried  for  low  lifls  in 
this  field,  although  they  have  been  used  for  this  purpose  at  Freiberg, 
at  the  New  Central  Dressing  Works. 

Air-lifts  (inverted  syphons)  worked  on  the  principle  of  the 
hydraulic-elevator,  used  in  hydraulic  mining,  I  am  informed,  are  em- 
ployed at  Mount  Malcolm  on  the  Northern  Gold-fields,'  and  there 
seems  no  reason  why  pumping  machinery,  worked  on  the  principle  of 
Pohle  air-lift  pumps,  should  not  be  employed  for  work  of  this  kind. 

The  Treatment  of  t/te  old  accumulated  Heaps  of  Tailings. 

After  what  has  been  already  said,  it  will  suffice  if  I  describe  the 
plant  and  process  adopted  at  the  North  Boulder  works,  as  an 
example  of  the  method  of  dealing  with  "  old-tailings,"  and  give  a 
few  particulars  of  the  cost  and  method  of  treatment,  etc,  at  the 
Great  Boulder  Proprietary  works. 

At  the  North  Boulder,  exhaustive  preliminary  laboratory  ex- 
periments were  made  locally  by  Mr.  Robert  Allen,  the  company's 
metallurgist,  to  whose  careful  work  I.  am  indebted  for  much 
information,  and  were  carried  out,  not  only  in  the  ordinary  way, 
but  by  treating  bulk  samples  of  1 50  lb.  in  large-diameter  pipes,  of 
the  same  depth  as  the  leaching-vats  ;  the  time  of  treatment  lasting 
eight  days.  Extractions  were  thus  obtained  varying  from  80  to  94 
per  cent.,t  depending  on  the  proportion  of  "  slimes  "  present,  whilst 
other  experiments,  made  at  the  same  time,  went  to  prove  that  no 

*  A  pump  of  Ihis  kind  is  figured  id  The  Mineral  Industry,  vol.  ix.  p.  367. 
t  Higher  eitrBclIons  were  gol  in  the  laboratory,  owing  to  the  slimet  in  the  charges 
being  moie  linely  and  erenlj  distributed  through  the  samples. 
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advantage,  but  rather  the  reverse,  resulted  with  this  particular  ore 
from  using  solutions  of  a  greater  strength  than  0-3  per  cent. 

To  quote  one  example :  A  laboratory  test  made  on  seven 
samples  of  the  same  composition  and  value  (viz.  assaying  9  dwt. 
per  ton)  with  solutions  of  0'3,  0-35,  0*4,  0"4S,  0-5,  0*55,  and  o*6 
per  cent,  strength,  showed  that  the  extraction  was  practically  the 
same  (viz.  93  per  cent.),  and  the  residues  after  treatment  assayed 
12,  II,  10.  13,  13,  12,  and  9  grains  respectively;  whilst  on  treating 
a  duplicate  sample  of  these  tailings  in  bulk,  with  0*4  and  O'  J  per 
cent,  solutions,  the  residues  were  practically  of  the  same  value,  but 
the  extraction  was  lower,  averaging  80  per  cent  This  was  pro- 
bably partly  due  to  the  slimes  present  in  the  bulk  samples 
(amounting  to  13  per  cent.)  not  being  broken  up,  in  order  to 
imitate  the  conditions  of  treatment  on  a  large  scale  ;  since  lumps 
of  this  kind  assaying  3  dwt.  8  gr.  per  ton  before,  assayed  after 
treatment  2  dwt  17  gr.  per  ton. 

The  presence  of  "  sUmes  "  in  lumps  consequently  reduced  the 
percentage  of  extraction,  and  when  the  total  percentage  of  slimes 
(passing  through  a  90-mesh  sieve)  reached  about  65  the  leaching 
was  very  slow,  amounting  only  to  about  i  inch  per  hour. 

The  average  percentage  of  90-mesh  slimes  present  in  the 
coarser  tailings,  settled  in  the  "  dams,"  was  found  to  be  about  60 
per  cent*  (che  maximum  being  64  per  cent),  but  in  no  case  fell 
below  50  per  cent. ;  the  value  of  the  "  slimes "  was  generally 
below  3  dwt  and,  owing  to  the  considerable  proportion  of  "  slime  " 
that  was  present,  a  vacuum  of  4  to  5  inches  was  used,  to  accelerate 
the  rate  of  filtration  at  the  conclusion  of  the  treatment. 

The  battery-tailings  banked  for  treatment  contained  about 
6  per  cent,  of  moisture,  and  the  cyanide  tailings,  after  treatment 
and  draining  twelve  hours,  generally  carried  16  to  24  per  cent, 
moisture.  The  cyanide  consumption,  as  shown  by  tests,  made  by 
the  shaking  method,  varied  between  i  3  and  2  lb.  per  ton,  using  a 
O '  3  per  cent,  solution,!  hut  the  strength  of  the  strong  solution  used 
was  reduced  afterwards  in  practice  to  0-25  per  cent 

The  majority  of  tailings  samples  showed  no  acidity,  but  a  small 

*  See  foolnole,  p.  319,  which  shows  Ihe  difference  in  the  conditions  in  South  Africa. 

t  Mr.  H.  H.  Greenway,  M.  Insl.  M.M.,  observes  ( TVnn^.  Imt.  of  Mining  and  Metal- 
Aifyy,  vol.  viii,  p.  114)  lUnl,  theoretically,  an  ideal  solution  of  cyanide  of  potassium  would 
be  one  that  (pteiuming  the  soIulioD  to  be  ahle  to  contain  eight  puts  of  oxygen  per  million 
tbioughout  Ihe  operation,  always  contained  O'oij  per  cent.  KCN  ;  bat  in  the  discussion 
of  the  paper  Mr.  Sulman  obsNved  that  Maclaurin  has  pointed  out  that  iu  practice  a 
solution  of  '25  to  o'3  has  the  highest  solvent  power  on  gold. 
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quantity  of  lime,  added  to  the  charges,*  assisted  precipitation  of  the 
gold  in  the  extractor-boxes.  The  liquor  entering  the  boxes  was 
kept  at  a  strength  of  not  less  than  0-025  percent.  KCN  by  bringing 
up  the  strength  if  necessary,  previous  to  entering  the  boxes,  with 
cyanide  dissolved  in  the  sand-settling  tanks. 

The  salt  water  used  had  specific  gravities  of  i'037S  to  1-0386, 
the  amount  of  solids  present  being  8*87  oz.  per  gallon.  The 
alkalinity  of  the  liquors,  Mr.  Allen  informed  the  Author,  was  kept 

at  about  equivalent  to  0'02  NaHO  as  tested  by  —  HaSO«  and 
methyl-orange. 

The  following  sizing  tests  made  on  some  specially  rich  tailings 
caught  in  a  settling  pit,  which  assayed  17  dwt,  showed  that  the 
coarser  sands  carried  the  highest  values,  and  a  progressive  decrease 
in  value  was  apparent  as  the  material  became  finer : — 


8*2  lemkiDcd  on  a  40-iiieih  screeD  *nd  kssayed 


6     14 


To  obviate  the  trouble  caused  by  lumps  of  "  slime  "  in  a  part 
of  the  coarser  material  dealt  with,  "  sun-drying  "  was  first  tried ; 
this  has,  I  am  informed,  been  successful  in  India,  but,  owing  to  the 
highly  argillaceous  nature  of  the  ore,  failed  to  give  satisfactory 
results  in  this  case. 

The  remedy  afterwards  adopted,  was  to  "screen"!  the  tailings, 
thus  breaking  up  the  lumps  and  aerating  them,  before  putting 
them  into  the  cyanide-vats ;  done  on  contract,  this  costs  from  is. 
to  IS.  id.  per  cubic  yard.  It  had  an  excellent  elTect  in  the  way 
already  mentioned,  and  also  brought  up  the  (bullion)  value  of  the 
tailings  from  an  average  of  between  7  and  8  dwt.  as  shown  by 
assay,  to  between  13  and  15  dwL 

Whilst  most  of  the  old  slime-heaps  were  too  poor  to  pay  for 
cyanidation,  some  of  the  tailings  and  "screenings,"  though  of  low 
average  value,  contained  a  certain  proportion  of  fairly  rich  "sand," 

*  With  Kalgoorlie  slimes  that  weie  Irealed  by  agitation  and  decantation,  expert. 
mentally,  lime,  I  am  informed,  in  some  cases  seems  to  piejudicially  aliect  their  rate  of 
Httlemenl,  although  it  has  been  found  generally  beneficial  in  South  Afiica. 

t  The  screens  used  were  {-inch  mesh,  and  it  is  a  noteworthy  fact  that  it  was  moslly 
"  tailings  "  which  had  tieen  crushed  by  ihe  stamps  that  required  sciecning  ;  probably 
owing  to  the  fact  that  they  coDIBined  a  larger  percentage  of  "  slimes  "  than  the  tailings 
from  Ihe  Huitiogton  mitts.  After  screening,  the  sands  contained  still  4S'4  per  cenL  or 
more  of  slimes. 
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and  it  was  therefore  found  necessary  to  subject  them  to  hydraulic 
classification,  by  agitating  them  in  a  rotatory  mixer,  and  passing 
the  sludge  through  a  spitzkasten ;  an  enriched  product  was  thus 
obtained,  between  50  and. 60  per  cent,  of  practically  worthless 
slimes  being  eliminated. 

About  47,444  cubic  feet  were  dealt  with  in  this  manner,  and 
1079  tons  of  teachable  sand  were  recovered,  from  some  2370  tons 
of  tailings. 

A  little  copper  and  a  considerable  amount  of  mercury  were 
present  in  some  of  the  "  slimes." 

The  cyanide-plant  (Figs,  50  and  5 1 ),  which  was  supplied  by  the 
Cyanide  Plant  Supply  Co.,  has  a  nominal  capacity  of  1200  tons 
a  month  ;  but  allowing  eight  days'  treatment,  it  is  able  to  treat 
rather  more,  and  is  constructed  on  the  most  modern  lines,  with  a 
view  to  economical  handling. 

It  consists  of  eight  50-ton  percolator-vats,  22  feet  6  inches  by 
4  feet  6  inches,  built  of  steel,  coated  with  protective  paint,  and  fitted 


Fic.  50.— The  North  Budlder  Cvanidk  Works. 

with  false-bottoms  and  bottom-discharge  doors  to  each  vat ;  three 
sumps,  17  feet  6  inches  by  6  feet ;  one  solution -reservoir,  16  feet 
by  5  feet ;  one  vacuum-tank,  6  feet  by  4  feet ;  one  Clobb  belt- 
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driven  (5-inch  air-cylinder)  vacuum-pump ;  three  sand  settling- 
vats,  5  feet  by  4  feet,  with  automatic  decanters  for  equahsing  the 
flow  of  solution  through  boxes  ;  three  extractor-boxes  ;  lathe,  etc. 


Fig.  si.— The  North  Boulder  Cvanidb  Vats. 

The  vats  are  mounted  on  substantial  masonry  foundations 
(Fig.  sO,  supporting  the  wood  framing  and  timber  decking  on 
which  they  stand,  and  wire-rope  haulage  was  employed  for  raising 
the  material  from  the  "old  taiUng-dumps "  to  the  works. 

The  waggons  used  were  side-tipping,  of  about  16  cubic  feet 
capacity,  running  on  14-lb,  portable  rails,  and  were  carried  across 
the  vats  on  "  travellers  "  (of  lighter  construction  than  is  generally 
used  in  the  field)  which  were  designed  by  Mr.  R.  Allen. 

It  was  found  necessary,  however,  with  this  arrangement,  to 
lower  the  trunnion-frames  of  the  trucks,  so  as  to  raise  their  centre 
of  gravity,  otherwise  one  man  could  not  discharge  a  i6-cubic  feet 
truck  properly.  To  control  the  tipping  and  ensure  safety  from  over- 
turning, a  pair  of  straps  was  riveted  to  one  end  of  the  truck, 
through  which  a  bent  lever  was  passed,  serving  to  tip  it. 

Trucks  of  larger  size  (20  cubic  feet)  seem  too  large  for  a  man 
to  handle  comfortably. 

A  4-B.H. P.  engine  and  6-N.H.P.  return-tube  steel  boiler  are  used 
for  running  the  pumps  and  zinc  lathe,  and  a  separate  air-winch  was 
used  for  haulage. 

The  operation  of  the  plant  presents  no  special  features  calling 
for  remark,  except  that  it  was  found  preferable  to  bring  the  solu- 
tions up   to   their   proper   strength  in   the   sumps   by  adding   a 
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weighed  quantity  of  cyanide  cake  in  an  iron  bird-c^e,  rather 
than  by  using  a  special  dissolving- tank,  as  the  storing  of  strong 
solutions  appears  to  account  for  an  avoidable  loss.  The  cyanide 
is  dissolved  rapidly  by  allowing  the  stream  from  the  pump  to 
impinge  on  it.  The  precipitation  of  the  magnesium  hydrate  by 
the  caustic  alkali  of  the  commercial  cyanide  in  the  liquor  ap- 
parently causes  no  trouble,  the  bulk  of  it  being  pumped  on  to  the 
vats,  and  left  in  the  sands. 

As  the  foot-valves  in  the  sumps  did  not  always  hold,  and  the 
priming  of  the  centrifugal  pumps  was  thereby  apt  to  be  lost,  solid 
bottom-plug  cocks  packed  at  the  top  by  a  gland  were  substituted 
for  patent  valves,  and,  properly  lubricated  with  black-lead  and  oil, 
gave  more  satisfaction  ;  as  they  were  found  not  to  leak,  so  long  as 
they  were  turned  in  one  direction,  to  avoid  the  formation  of  quadrant 
grooves. 

The  rubber  seatings  of  the  discharge  doors  of  the  tanks  were  kept 
in  good  condition  with  grease,  applied  previous  to  re-closing  them. 

Up  to  the  end  of  June  1899,  4634  tons  were  cyanided  in  these 
works,  yielding  2802  28  oz.  of  bullion,  and  an  extraction  of 
12  dwt.  2  gr.  per  ton,  and  the  residues  assayed  i^  to  2  dwt. 
Some  of  the  vat-residues  were  higher  than  thej'  would  otherwise 
have  been,  owing  to  the  presence  of  some  fairly  coarse  gold,  or 
sand  not  reduced  fine  enough  for  the  gold  to  be  quickly  attacked 
by  the  solution  ;  but  the  actual  extraction,  as  shown  by  the  bullion 
recovered,  was  better  than  the  theoretical  extraction  indicated 
by  preliminary  assays ;  as,  owing  to  the  presence  of  free  mercury 
and  amalgam  in  the  tailings,  it  was  most  difficult  to  get  fair 
representative  samples. 

The  consumption  of  cyanide  varied  during  this  period  from 
1*75  t°  1' SO  lb.,  and  the  cyanide  bullion  ranged  from  850  to  880 
fine.*  In  the  following  six  months  (to  December  1899)  7470 
tons  were  cyanided,  giving  a  bullion  return  of  5291  oz.  15  dwt., 
representing  an  average  of  14  dwt.  4  gr.  extracted  per  ton  ;  the 
residues  assayed  from  i '  67  dwt.  to  2  dwt.,t  and  the  extractions 
ranged  from  84-38  to  S7'8  per  cent,  whilst  the  cyanide  consump- 
tion was  reduced  to  i '  36 1  lb.  per  ton,  and  even  as  low  as  I  ■  23  lb. 
The  costs  in  detail  were  as  follows  : — 

*  On  Ihe  avec^e  aboni  855. 

t  Mr.  Gea  Robson,  M.  InsL  M.M.,  renujka,  "  On  this  fieli)  U  bu  hitherlo  been 
considsred  Tciy  good  work  to  reduce  >mi]gama.1ed  tiatteiy  sands  to  u  low  as  3  dwi.  per 

ton  b/  Cfanidiog."— ^ir/cr^,  Hannan's  Slar  Gold  Mines,  1S99,  p  17. 
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Tona  cyanided  1S99,  13,  I04. 


Labour — 

Attendance  and  supeivision   . 

Filling  Knd  emplying    . 

Hiulini;  and  pumping  . 

ScTeeniog  and  carling   . 
Walet 

Supplies,  etc. 
General  charges 


>3  n 

2    17 

3*  5* 


6-79        9999 


Estimating  that  the  above  12,104  tons  cyanided  in  1899  repie- 
sented  about  50  per  cent."  of  the  original  battery-tailings  ;  elimi- 
nating the  valueless  "  slimes"  reduced  the  cost  of  cyanidation  to 
about  JJ.  9"39(/.  per  ton  of  ore  crushed  ;  and  reckoning  that  the 
average  grade  of  the  whole  of  the  ore  crushed  was  about  i  oz. 
7  dwt.  10  gr.,  the  bullion  extraction  by  milling  and  cyanide,  etc., 
viz,  I  oz.  4  dwt.  22  gr.  (including,  say  2  ■  5  dwt.  (estimated)  re- 
covered from  concentrates)  f  may  be  calculated  to  represent  approxi- 
mately.91  per  cent,  of  the  total  bullion  contents  of  the  ore 
recovered,  of  which  cyanide  should  be  credited  with  recovering 
6  dwt.  16  gr.,  or  about  26'7  per  cent  The  loss  was  chiefly  in 
"battery  shmes  "  which  were  eliminated,  and  were  too  poor  to 
treat  at  a  profit  on  a  small  scale,  assaying  about  3  dwt,  only. 
The  subsequent  results  in  1899-1900,  on  sands  separated  by 
screening  and  hydraulic  separation,  the  plant  being  worked  inter- 
mittently, are  shown  in  the  table  below  : — 

1S96  loas  cyanided. 

Total  Con.  Cott  per  Ton. 

I  ,.    rf.  ..      d. 

SuHrnaion  and  attcniling  solution           .          ,      zgj  7     4  zii'St 

Filline  and  ditcharging  vats,  and  extra  labour      205  56  3     I '96 

Clasufying  sands                                                .       43  o    3  o    S'45 

Hanling  and  pumping  .                                     .       S]  5    o  o  io'S4 

C^nide 150  ■     S  i     6  99 

lime 31     1     7  o    2-67 

Assaying  and  smelting  materint  .       44  iS    7  o    5*69 

Water 15     7    *  o    l'94 

Lighting  and  Inbricanis        ..,.284  o    0*37 

General  lepaiis    .  539  0066 

Geneiat  charges  .  .  .       to    S    9  o     1*32 

876    o    S  9    2-88 

*  This  is  very  dose  to  the  actual  fact,  as  the  14,000  tons  cyanided  were  the  product 
of  27,874  Ions  milled. 

t  Excluding  this  gold  the  local  mill  extraction  would  appeal  slightly  lower,  as  the 
percentage  of  extiaclion  by  smelting  is  over  91  per  cent. 
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The  1 896  tons  of  sands  separated  by  "  screening  "  and  hydraulic- 
classification,  and  cyanided  in  1S99  to  1900  gave  a  bullion  return 
of  1205 '112  oz.  =  12-7  dwt,  per  ton,  and  the  bullion  was  774  fine  ; 
they  still  contained  50-7  per  cent,  of  90-mesh  slimes. 

The  average  assay  value  of  these  tailings  (sands)  was  10-48 
dwt.  (fine  gold),  and  the  residues  assayed  l  '64  dwt.,  corresponding 
with  a  theoretical  extraction  of  86*4  per  cent.  l8,SS3  tons  (224 
gallons  each)  of  liquor  were  used  in  the  treatment  of  about 
14,000  tons  of  "sands  "  cyanided  in  1899  and  1900,  which,  on  the 
average,  returned  13  dwt.  7  gr.  per  ton  in  bullion.  This  quantity 
of  liquor  was  precipitated  with  4278  lb.  of  zinc,  the  bullion  pre- 
cipitated amounted  to  9306  062  oz.,  and  represented  7685 '271  oz. 
of  fine  gold.  The  yield  of  bullion  from  the  zinc-slime  was  between 
55  and  65  per  cent,  and  sulphuric-acid  treatment  was  employed 
for  the  "gold-slimes,"  using  a  barrel  provided  with  a  hood  to 
carry  off  the  fumes. 

The  staff  of  the  works  consisted  of  one  manager,  acting  as 
chemist,  one  foreman,  two  assistants,  and  one  engine-driver. 

The  "green-tailings"  going  direct  from  the  battery  to  the 
cyanide  plant  can  now  be  separated  into  worthless  slimes  and 
"  sands,"  by  passing  them  at  once  through  spitzkasten,  instead  of 
"settling"  the  "sands"  in  tanks  excavated  in  the  ground,  as  was 
formerly  dene. 

At  the  Great  Boulder,  the  cost  of  treatment  in  1 899  (dealing  with 
23,707  tons,  which  returned  10,193  oz.  of  bullion,  of  a  fineness 
of  '850)  came  to  lis.  gd.  per  ton,  which  may  be  itemised  as 
follows : — 

TAtLiHcs- Treatment  Cost  in  1899. 


Great  Boulder  Propnetmrj. 


Wages ;  6, 195     7  6 

Stores I  4.&S5     I  3 

Trucking ii3o8  13  6 

Firewood  and  fuel                              .         .   j  599  18  5 

Condensed  water I  162  19  2 

Froporlion  conpiessed  air       .         .  496    a.  5 

,,         stable  expenses       ...  88    7  10 

Ume 89  10  I 

Smelting  expenses .         .                            .1  20  14  o 

13.946  14  I 


,. 

i£ 

s 

2-7i 

4 

"■45 

I 

1-25 

0 

607 

0 

2-66 

0 

506 
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The  consumption  of  cyanide  came  to  2"2  lb.  per  ton,  and  the 
average  loss  of  gold  in  residues  amounted  to  39  gr.,  i.e.  i  "62  dwt 
per  ton. 

In  190D  the  cost  of  treating  93,726  tons,  which  returned 
46,748  oz,  10  dwt  14  gr.  of  bullion,  came  to  9^.  2d.,  itemised  as 
follows : — 

TAlLINr.S-TREATMBNT   COST   IN    I9OO, 


Wages  and  ulaiies 

17,399  "    6 

15.184  19    6        1 
5.13"   "3    4 

Contcact  (nicking-ia 

Cable- way  expenses  (4  monlhs) 

57*    8    3       1 

1.647  17    8       1 

1,148    8    4 

Compressed  air 

769    3    S 

..  i      1 

Assays 

3Sa 

oil 

Bricks 

6 

Timber 

9* 

6  II       1 

893  17    6 

SlaWe,  elc.  . 

44' 

8    I 

Fael     . 

16»  13    3 

The  consumption  of  cyanide  came  to  2'3S  lb.  per  ton  of  tail- 
ings, and  the  average  loss  of  gold  in  the  residues  amounted  to 
I  ■  78  dwt.  per  ton. 

The  Direct  Treatment  of  Battery  Tailhigs. 
At  the  Lake  View,  the  "battery-tailings,"  which,  I  am  informed, 
contained  as  much  as  80  per  cent,  of  slime,*  passed  to  a  spitz- 
kasten  ;  the  sands  discharged  from  which  were  elevated  by  a  tail- 
ings-wheel to  a  set  of  six  collecting-tanks  (Fig,  52),  fitted  with 
Butters  and  Mein's  "distributors,"  carrying  eight  or  more  hollow 
radial  arms,  rotating  in  a  horizontal  plane  above  the  tank  on  a 
central  spindle.  The  stream  of  tailings  delivered  to  these  "dis- 
tributors," falling  into  a  cup-shaped  receptacle,  flows  from  the 
Centre  along  the  arms,  and  issuing  at  their  ends  (which  are  bent), 

•  The  percentage  of  slime  now  produced  is  lud  lo  be  85  per  cent.  S,  J.  Truscott, 
A.R..S.M.,"jl/>Hi«f  7fl»riifl/,  London,  October  18,  190a. 
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causes  them  to  rotate.  The  arms  being  of  varying  lengths  (alter- 
nately long  and  short),  the  pulp  is  distributed  evenly  over  the 
tank.     The  heavier  sands,  which  fall  to  the  bottom,  still  contained 


at  Lake  View,  40  to  50  per  cent,  of  loo-mesh  slime,  and  the  lighter 
slimes  escaped  through  openings  at  the  side,  which  are  closed  by 
slats  as  the  level  of  the  contents  of  the  tank  rises. 

The  sands  thus  settled  and  collected  were  trucked  to  a  set  of 
16  leaching- vats,  erected  under  cover,  with  the  necessary  solution- 
tanks,  in  a  separate  building,  at  a  lower  level,  where  they  underwent, 
according  to  Mr.  H.  F.  Bulman,  about  ten  days'  treatment,  and 
the  gold  was  precipitated  on  zinc  shavings  in  the  extractor-house. 
The  precipitation-boxes  contain  a  depth  of  about  16  inches  of 
zinc,  and  are  divided  by  transverse  [jartitions  into  some  ten  con- 
secutive compartments. 

The  results  of  this  treatment  are  shown  in  the  table  on  p.  275. 

The  "slimes  "  from  the  distributors,  together  with  the  "  slimes  " 
overflowing  from  the  spitzkasten,  were  settled  in  "settling-tanks," 
and  forced  by  a  couple  of  "montejus"  pressure-tanks,  working 
under  a  pressure  of  70  to  80  lb.  per  square  inch,  by  compressed  air, 
supplied  by  a  4-drill  compressor,   into  ten  *   Dehne  filter-presses 

*  Four  additional  presses  were  erected  in  1899  for  the  Ireatment  of  sulphide-slimes, 
and  tlie  Horks  were  equipped  (al  the  end  of  1901)  with  twenty-two  presses  altogether. 
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with  frames  ranging  from  2*5  to  3  inches  in  width.  The  cyanide 
leaching-solution  was  pumped  through  the  cakes  of  slime,  which 
were  subsequently  washed  with  water,  two  Excelsior  (gravitation) 
filters  being  used  to  clear  the  liquors  before  they  passed  to  the 
Lake  View  Coksols.    Sands  Cyanidbd. 


_ 

iB,a. 

>»». 

190a 

Tons  treated     .... 

36,181 

44-3*3 

,0.867 

Bullion  woD  oz. 

39.ao9-47S 

23,628-650 

4.S77-9" 

Fine  gold 

s6, 505  090 

ai .030-593 

4,080-697 

Standard  gold  . 

28,914-639 

22,943-467 

4,45'  424 

Finenlver 

i,73074o 

982 ■340 

i8o-97 

Yield  per  ton,  oi. 

0-807 

0-533 

0-421 

£        ..    d. 

I         :     d. 

i      t.     d. 

Total  vdue      . 

na.439  "  I" 

89,107     10     7 

17,289  13    8 

Value  per  ton   . 

3    .    .-8. 

a    0    2-4 

I   II     9-8 

„        01. 

3  16  II-60 

3  15    S-07 

3  IS    6-4 

Cost  per  oz. 

0    8    2-7* 

0  ii'    1-6 

a  17    0-8 

C«t,«T„n 

Cost  per  Ton. 

Com  per  Ton. 

wlution         .... 

.    0    5'iS3 

0     5-858 

>.         d. 
1     1-I09 

2    0-859 

I   10-629 

I    9-641 

General  repairs 

0    3-423 

0     I5II 

0    5-419 

Assaying,  letoiling  and  melting  . 

0    1-776 

0     3-236 

0    3-73S 

Zinc 

0    o-s  S 

0    0-941 

0    1-896 

„    tumine     .... 

0    0830 

0    0-772 

Fnel 

0    3-103 

0  0394 

0    s-104 

Water 

0    1-376 

0  1-004 

0    2-894 

Ume 

0    3Si6 

0  1604 

0    1-486 

Cyanide  of  potassium 

I  ii'8Si 

I     7-166 

I  II-66S 

General  Etoiea  and  chargn 

0    0-797 

0     1-636 

0    '-23" 

Electric  light    .         .         .         , 

0    1-324 

0    1-179 

0    2-337 

Compressed  air 

0    0-939 

0    7-841 

Sulphuric  acid  . 

0    0-849 

0    9' 167 

0    5-246 

0    4- 163 

Total 

6    7-699 

5  n-245 

7    3-3«> 

precipitation-boxes.  The  process,  Mr.  Bulman  states,  occupied  about 
four  hours ;  this  part  of  the  plant  was  capable  of  treating  some 
4000  tons  of  slime  a  month,  at  a  cost  of  treatment  varying  from 
7J.  5-866(/.  to  iSj'.  \'y^^.  The  results  are  shown  in  the  table 
overleaf. 
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Sliub  Treatmbnt. 


I*l..Vi.«Con»ol.. 

.B98. 

'»7h 

■90O- 

,^, 

Tons  treaied 

7.4*3 

35.>36 

35.919 

'S.733 

fiulUon  piodncedj 

2,794-o;o 

".Ms -375 

i3,66a'Eoa 

6,793-375 

Fine  gold         do. 

a.asa-soo 

9.8»5-9J* 

ii.3'7-855 

6,074233 

Standwd  gold  do. 

a,  457053 

10,719-196 

11,346-750 

6,626-435 

Fine  silvei         do. 

143  "490 

46a  790 

539-33 

430  390 

Tield  per  ton,    at. 

0-376  :o-6oo 

0-33J 

o-3Sa 

0-433 

I         ..    d. 

£       '■   i- 

£     !■    d: 

£        1.      d. 

VaJue 

9.H9    S    9 

41,6.6    5    6 

0.936  10    9 

35,795  'o    0 

„     per  ton 

"    5    874 

I    3    8-a 

■    6    8-3 

I  13    g-s 

„     pero*.        . 

3    8    4-*S 

3  "    4-a 

3  '5    8-5 

3  15  "-6 

Cost  per  oi. 

1    8    5" 

I    3    6-6 

I  >8    0-6 

I  IS    01 

— 

CwtpaTon. 

CouptrTon. 

CoU  per  Ton. 

GraoCoM.    1     ^^ 

Superinleodence    i 

,.     d. 

(.    d. 

1.         d. 

£      '.    d 

'•       ^ 

■Dd     attending 

I    0  967 

0    6  ' 

(.14 

0     5-939 

403  II   10 

0    6-156 

■olnlion   .         .) 

EVischareing  preise* 

5   0-856 

3    0 

93« 

3    3-344 

2,811   [8    5 

3    7 ■047 

0   8-071 

0  10 

"3 

0    6a97 

1,304  18    3 

1    7 -90s 

Zinc 

-fUo-^ 

0  I 

'47 

r    "Ti 

117  10    6 

0    '-945 

Turning  linc 

0-48*/           ^ 

I  0    0-638 

46    3    9 

0    0-705 

Generdrepurs     . 

0    40*5 

0     4 

.48 

0    7-325 

603    3«> 

0    9-aoi 

iog  «nd  mellii^l 

0    8- 160 

0     4 

'93 

0    6-870 

434     I     3 

0    6-469 

Fuel  . 

0    0-302 

0     0 

52' 

0    5-44' 

3S«  >S    7 

0    3-841 

Sulphuric  ftcid      . 

0    o-73» 

Filter  cloth 

0    5-478 

0   a 

*40 

0    3- 784 

"34  >5    0 

0    a -056 

Cyanide  of  pot»s-'i 

1    6-586 

1    > 

896 

3    1-883 

1,702    3    9 

2    1-966 

General  stores  tindl 
charges  .         .] 

0    1-953 

49a 

0    .548 

96    0    6 

0    1468 

Electric  light  main- 
tenance   . 

}           0    3-237 

815 

0    4-US 

303     3  11 

0    4-624 

Water 

0    0-805 

iiz  10    S 

0    1-716 

Realisation  charges 

0    3870 

0    3 

aoi 

0    3-426 

.. 

"SJ-".) 

545 

3  10  977 

3,321    II      5 

'4    I-I44 

Agitation    .         . 

0    0-474 

363  13     6 

0     4'033 

Lime  {chemical)  . 

0     O-034 

^' ' 

to    1-119 

10    8-452 

"    7    5-866 

13    4-99' 

11,891    a    3 

IS  1-394 
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At  the  Ivanhoe  plant,"  the  general  arrangement  of  which  is 
shown  in  Fig.  53,  the  battery-tailings  were  first  lifted  by  two  1 2-inch 
tailings-pumps  to  a  "  hydraulic  classifier,"  that  served  to  separate 
the  coarsest  "  sands,"  which  were  delivered  to  four  grinding  and 
amalgamating  pans.  After  grinding  and  amalgamating,  the  tail- 
ings that  were  continuously  discharged  from  the  pans,  were  re- 
elevated  to  the  hydraulic  classifier ;  the  overflowing  pulp  from 
which  (carrying  medium  and  fine  sands  and  slimes),  went  to  the 
cyanide-vats,  whilst  any  coarse  sands  re-discharged  were  returned 
to  the  pans  to  be  re-ground.  The  cyanide  plant  shown  in  Fig.  53, 
which  was  originally  designed  to  handle  the  product  of  60  stamps, 
was  arranged  somewhat  on  the  same  lines  as  at  some  of  the 
works  in  S.  Africa,  where  "  the  direct -filling  process  "  is  employed, 
and  consisted  of  sixteen  80-ton  vats  in  two  tiers,  set  directly  above 
one  another;  each  tier  contained  two  rows  of  four  vats,  21  feet 
in  diameter  and  6  feet  6  inches  deep ;  the  top  ones  being  5  feet 
below  the  bottom  ones,  which  were  22  feet  in  diameter  and  6  feet 
6  inches  deep.  The  upper  series  were  provided  with  Butters  and 
Mein's  distributors,  and  were  used  both  as  settling  and  "  leaching- 
tanks  "  for  the  medium  and  fine  sise  "  sands  "  discharged  from  the 
hydraulic  classifier ;  whilst  the  "  slimes,"  which  overflowed  from 
the  "tanks"  through  adjustable  sluice-gates  (representing,  it  is 
said,  some  40  per  cent,  of  the  battery-tailings),  as  they  contained 
a  small  percentage  of  fine  sands,  went  to  a  spitzkasten,  which 
eliminated  as  an  under-flow  whatever  "  sands  "  escaped  the  col- 
lecting-vats (to  which  they  were  pumped  back) ;  whilst  the  over- 
flowing slimes  passed  to  the  slimes-planL 

The  medium  and  fine  sands,  after  the  top-vats  had  been  filled 
to  the  required  depth,  were  drained  fairly  dry  and  leached  for  four 
days  in  the  upper  series  of  vats,  then  dropped  through  bottom- 
discharge  doors  to  the  lower  series,  again  leached  for  four  days, 
and  were  finally  dumped  through  bottom  doors  into  trucks  under- 
neath, and  trucked  to  the  mine  for  "  filling." 

It  is  claimed  for  this  "  double  treatment "  that  it  shortened  the 
time  of  leaching  from  10  to  8  days,  the  tailings  being  oxygenated 
and  loosened  in  passing  from  one  set  of  vats  to  the  other. 

The  solution  leaving  the  vats  ran  by  a  separate  pipe  from 
each  vat  to  distributing  launders,  which  delivered  it  to  a  double 
set  of  zinc-boxes  built  of  kauri  pine,  each  20  feet  long  by  2^  feet 

!  erection  of  forty 
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S]1m«S«U)erftitlawA;ltW)n.ItU!V.p«r 
1"  BoDDilk  SqiunTuka.  Overflow  bjck  to 
Seltled  Slims  to  Rapid  Agilitor. 
PLDngrrPumpUltinsSltiDHftCriuilde 
loTupAgiuuira-A." 
Ripld  AgltBlur.  Bfv.  l««pe[Uln.    ii 


train  SLid  VaA  Co  SUaa  aatUm 
r"  8ccondAJ7Tivitnit?nt  AFJqlB^ili^irMi' 


V  popUato  nnlthlng  Vauk  >  vua,  > 


''"'R-  Si-— The  Ivashoe  Treatment  Piant  (F.i.evatcos). 
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wide  by  2^  feet  deep.  Mr.  Bulman  states  that  in  October  1898, 
120  to  140  tons  of  sands  were  being  treated  daily  in  this  plant, 
with  a  staff  of  13  men ;  and  its  average  capacity,  Mr.  Hewitson 
informed  the  Author  in  1900,  was  reckoned  to  be  about  120  tons 
per  diem. 

The  average  cost  of  the  "  sands  "  treatment  may  be  estimated 
at  about  ^s.  ^d.  per  ton,  including  grinding  and  amalgamating  the 
coarse  sands  in  pans.  The  actual  costs  in  1899  and  1900  are  set 
out  in  detail  below : — 

1899. 

Sands  cjiuiided,  37,369  tons. 

Bullion  prodoced,  11,79$  °^-  '^  dwi. 

Cost  per  oz.,  91.  0*5051/. 

I.        d. 

Superintendence o  6'z87 

Engine -driving  ......  o  »'599 

filling  and  emptying  vWs    ,         ,         .         .  t  7*309 

Removal  of  old  tailings        .                  .         .  u  S '  '54 

Zinc o  0*462 

Cutting  line o  0*333 

Cyanide  of  potRssium if  737 

Fuel o  5-139 

Stores o  1-785 

Repursand  leneirals  .         .         .         .  o  3 '846 

Smelting   ..,,,,.  o  0*141 

Salt  water o  0*166 

Condensed  water o  3-Z19 

Total i    3*487 

190a. 
Sands  cyanided,  4l,4!il  tons. 
Bullion  produced,  18,483  oz.  10  dvrt. 
Cost  pet  01.,  ixi.  3-3801/, 


Superintendence 

Engine-driving  . 

Filling  and  emptying  vats 

Removal  of  old  tailings 

Zinc  ....  116    a    3  o    0*672 

Cutting  zinc       ...  48    a    6  o    0*378 

Cyanide  of  potassium.        .      2,971  19    4  1    5195 

Fuel 

Repairs  and  renewals 
Smelling  . 
Condensed  water 

Total    . 
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TIte  Slimes-Plant. — The  slimes  and  water  from  the  second 
spitzkasten,  which  received  the  discbarge  from  the  Butters  dis- 
tributors, were  run  to  a  series  of  five  slime-settlers,  fitted  with 
agitator-paddles,  to  get  rid  of  some  of  the  excess  water,  the  water 
after  the  slimes  had  settled  being  run  oiT;  the  thickened  pulp  (of 
about  a  consistence  of  one  part  slime  to  one  of  water)  was  then 
deHvered  to  a  mixer  fitted  with  a  propeller-shaped  agitator,  where 
a  stream  of  KCy  liquor  was  delivered  simultaneously  with  it.  The 
cyanide  pulp  was  then  pumped  up  by  an  8-inch  plunger-pump  to 
one  of  six  agitators  {20  feet  in  diameter  and  10  feet  deep), 
where  it  was  agitated  with  cyanide  solution  till  the  gold  was  dis- 
solved, the  length  of  agitation  being  about  eight  hours.  The  slime 
and  solution  were  then  forced  by  one  of  two  montejus,  under  a 
pressure  of  about  45  lb.  per  square  inch,  into  filter-presses  of 
Dehne  pattern. 

There  were  four  of  these  presses  of  the  frame-type,  with  fifty 
chambers  in  each,  40  inches  square,  forming  cakes  of  slime  two 
inches  thick.  The  slime  thus  collected,  after  leaching  with  solu- 
tion, was  washed  with  spent  liquors  whilst  in  the  press,  to  displace 
any  remaining  gold  solution,  and  this  was  again  pumped  through  a 
smaller  Johnston's  fitter-press,  containing  forty  chambers  24  inches 
square,  to  clarify  it  before  it  passed  to  the  precipitation  department. 
The  zinc-boxes  consisted  of  a  double  set,  each  being  20  feet  long, 
3i  feet  wide  by  2\  feet  deep.  The  cakes  in  the  filter-presses,  after 
the  gold  had  been  dissolved  out,  contained  about  16  per  cent  of 
moisture  (spent  solution  or  water),  and  were  discharged  into  V- 
shaped  side-tipping  trucks,  running  underneath  the  presses,  and 
were  trucked  to  the  waste  dump. 

The  capacity  of  the  slimes-plant  was  about  200  tons  per  diem, 
and  the  extraction  of  gold,  I  am  informed,  ranged  from  80  to 
go  per  cent,  of  the  contents.  The  actual  costs  in  1899  and  1900 
are  set  out  in  detail  in  the  table  opposite. 

For  cleaning  up,  sulphuric  acid  was  used,  and  the  gold  was  col- 
lected in  a  small  clean-up  "  filter-press," 

The  "gold-slimes"  were  melted  in  a  tilting-fumace,  in  sala- 
mander retorts,  36  inches  high  by  23  inches  in  diameter,  with  a 
capacity  of  about  450  lb.  weight  of  "gold-slimes,"  and  the  whole 
clean-up  (usually  over  3000  oz.)  was  melted  and  run  into  "bars," 
in  about  four  hours. 
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Slimes  cyanided,  31,685  tons. 

Bullion  produced,  11,43801.  ij  dwt.  13  {;r. 

Cost  per  M.,  \^^.  ^•'^yi. 


Tnicbing  . 
Engine-driving  . 
Compceiised  air  . 
Smelting  . 
Renewals  and  repairs 
Cfanide  of  potitssium 

Zinc 

Turning  zinc 
FdcI 

Filler-cloth 

Condensed  water 
Removal  of  old  slimes 
Salt  watei 

Total     . 


7-835 


3841 
0165 


S-3B4 
0-634 


Slime«  cyanided,  47,489  tons. 

Bullion  produced 

16.317  01.  I! 

dwt. 

12  Rr 

Cost  per  01., 

18/. 

2  ■6780'. 

Tmi]  Cost. 

C« 

I     1. 

d. 

d. 

Labour      . 

3,670  10 

3 

1 

6-5SO 

Tnickine  . 

I ,995  '5 

9 

0 

10-086 

Engine-driving  . 

396  18 

0 

2006 

761  18 

V851 

Smelting  . 

83  11 

4 

0 

0-422 

Renewals  and  repain  . 

9"7    6 

8 

0 

4"  636 

Cyanide  of  potassium. 

3.5^  17 

6 

6-016 

Ume 

0 

0 

1821 

Zinc 

nS    I 

0 

0 

0-S96 

Turning  linc 

48    2 

») 

0 

901  18 

4-!SS 

FUter-cloth 

b 

0 

1-082 

General  stores    , 

232    6 

0 

Condensed  water 

395  17 

Removal  of  old  slimes 

83'  16 

4 

0 

4-204 

Salt  water 

374  14 

3 

6 

•■894 

Total  . 

14,867  19 

10 

3'i40 
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The  extraction,  calculated  on  the  "fine  gold"  recovered  by  the 
Ivanhoe  process,  is  estimated  as  follows : — 


.S9B. 

ngeEx 

dwi. 

neGoldpaToB. 

!        .^ 

dwi.      1      > 

>     j      d«.           » 

By  bwtery  anmJgJiiialion 

I7'7gi6    64-8 

«-78*5 

66-35  1  16-7384  1  58-8S 

„  concentrales     Irealrfj 
(and    sulphides    in 

0-7143 

ao7  1    1-7739      6-24 

„   cyanide  trealmesE 

7-7084    i8-o 

1 Sands 
ISIim« 

4-7566 
2-908. 

13-85       4-0794      I4'34 
8-46      34755  .  '*■" 

Total  exlractEon  . 

35-5000^  8a-8 

3' -'595 

90-73  I  36-067*  1  91-65 

Total  recovery — 

189S.     Bullion    50,66002.  15  dwL 

1899.  „        104.009  oz.    2  dwt. 

1900.  „         107,050  oz.  19  dwt. 

Of  the  gold  (fine)  unrecovered  in  1899,  3-0412  dwL  per  ton  or 
8-85  per  cent,  was  calculated  as  remaining  in  the  residues,  and 
0*1342  dwt.  per  ton  or  0-38  per  cent,  in  solutions  and  zinc-boxes; 
total  9-23  per  cent.  The  gold  unrecovered  in  1900  was  estimated 
at  2-3748  dwt.  per  ton  or  8-35  per  cent. 

Mr.  J.  K.  Wilson  states "  that  this  method  of  treatment  gives 
good  results,  and  the  only  exception  that  can  be  taken  to  it  is  the 
treatment  of  the  "slime,"  which  should  be  "double"  instead  of 
"  single-pressed."  He  adds  that  the  slime  as  it  comes  from  the  mill, 
though  partially  settled,  is  about  half  water,  whilst  that  leaving 
the  presses  contains  only  30  per  cent. ;  as  a  result,  the  liquors 
accumulated  to  the  extent  of  about  70  per  cent.,  and  had  to  be  run 
to  waste,  causing  a  loss. 

At  the  Great  Boulder  Perseverance,  the  accumulated  "  slimes," 
being  too  fine  to  treat  by  "  percolation,"  were  treated  by  agitation 
in  vats  and  filter-pressed  ;  the  capacity  of  the  plant  is  reckoned 
at  about  80  tons  a  day,  and  slimes  that  will  yield  4  to  5  dwt.  are 
stated  to  have  been  thus  dealt  with. 

The  Golden  Horse^slioe. — After  grinding  and  passing  through 
the  "  settlers,"  the  pan-pulp  from  the  stamp-battery  is  classified  in 
these  works  (Figs.  54  and   55)  in  a  spitzkasten  (No.    l)  with  the 

'  Mineral  Industry,  vol.  ix.  p.  781. 
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"  underflow  "  so  controlled,  as  to  yield  a  slimes  "  overflow  "  and  a 
sand  "  underflow  "  in  proper  proportions.  The  sands  thus  separated 
are  elevated  by  a  42-feet  diameter  tailings-wheel,  and  pass  into 
collecting  vats,  fitted  with  Butters'  distributors. 

The  slimes  from  these  vats,  together  with  the  slimes  from 
No.  I  spitzkasten,  go  to  a  second  spitzkasten  (No.  2)  which  elimi- 
nates (as  an  "  underflow  ")  any  fine  sands  that  may  have  escaped 
No.  I. 

These  sands  pass  back  to  the  tailings-wheel,  where  they  are 
mixed  with  the  others.  The  slimes  "overflow"  from  No.  2  spitz- 
kasten is  distributed  over  16  canvas  strakes,  31  feet  long  and 
2oi  inches  wide,  which  eliminate  a  small  quantity  of  very  fine 
concentrates. 

These,  with  the  concentrates  from  the  canvas  tables,  below  the 
battery,  pass  through  launders  to  a  sump,  and,  by  means  of  a  tail- 


FJG.    54.— GlH.DKN    HORSK-SKOE  CVANIDK    Pl.ANT. 

ings  pump,  are  raised  to  a  bin  at  the  railway  siding,  for  shipment 
to  Fremantle,  where  they  are  smelted. 

The  collecting-vats,  in  which  "  the  sands  "  are  first  treated  with 


,v  Google 


284  Gold  Mining  and  Milling 

cyanide,  are  20  feet  in  diameter  and  7  feet  deep,  and  each  contains 
a  74-ton  charge  (net)  of  sands. 


Fig,  55-— Golden  Hobsk-siiok  Smmhs  Plant. 

The  treatment  of  the  sands  is  completed  in  a  second  similar* 
size  set  of  vats,  below  ;  the  usual  time  of  treatment  of  each  charge 
being  between  7  and  10  days. 

A  sizing  analysis  of  the  sands  given  by  Mr.  Robert  Allen  " 
shows : — 

Remainii^  OD  a    50-niesh  screen  .         l4'7perceQt. 

100  „  .         .         31-4      „ 

rassing  through  loo  „  .         .        439      „ 

The  slimes  escaping  from  the  second  set  of  "canvas  tables" 
go  to  a  slimes-sump,  from  which  they  are  raised  by  two  plunger- 
pumps  t  and  forced  through  nine  Dehne  filter-presses  of  4  tons 
capacity,  each  holding  fifty  3-inch  cakes,  three  presses  being 
usually  filled  at  a  time ;  there  are,  it  may  be  added,  three  montejus 

•  op.  cil. 

t  Mr.  Atrred  James  slates  ttuU  there  is  reason  to  believe  Ihat  pump■^  are  more 
economical  for  lilteiing  presses  Ihan  the  montejus.  Cyanide  Praetitt,  3rd  edition  (3p)  Z4. 
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available  for  use  should  the  filter-press  capacity  of  the  plant  be 
iDcreased. 

The  slimes,  which  will  all  pass  a  i  jo-mesh  sieve,  are  not  agitated, 
but  leached  with  cyanide  solution  in  the  filter-presses,  and  the  gold 
solution  is  clariiied  by  passing  it  through  three  Excelsior  filter- 
presses,  from  which  it  runs  through  four  slimes  zinc  extractor-boxes. 

The  clear  water  leaving  the  presses  is  conducted  to  large  surface 
condensers,*  and  used  for  breaking  down  steam  coming  from  the 
engines,  air-compressors,  pumps,  etc. 

The  zinc-sludge  from  the  sands  and  slimes  treatment  is  treated 
by  the  sulphuric-acid  method,  and  a  "  tilting  furnace  "  is  employed 
to  smelt  the  gold-slimes. 

CvANiDE  (Vat)  Treatment  of  Sands,  1900. 

Tons  trailed 33>4i8 

BullioD  produced,  oz Z4'&i3'<^5 

Fine  gold 18,941 '247 

Standard  gold 20,633*365 

Valae j£So,499  19     3 

Vield  per  ton  (bullioa)  oz. -736 

Value  pec  tOD j£2    8    2'ldo 

Value  per  oz 3     S    4800 

Cost  per  oz. o    S    4'  560 


Superintendeact,  etc 
SolutionislE,  pumping,  etc 
Filling  and  emptying  vats  . 
EDgine-driviDg,  tiring,  etc. 
Turning  zinc     .... 
Assaying,  retorting  and  melting 
Repairs  and  extension  of  tramways 
Zinc 
Foel 

Water  (salt)      . 
„      (fresh)    . 


Cyanide  . 

Electric  light    . 

General  nuinlenanci 

Claisificalion    . 

Grinding  slimes 

Re-handling  sands 

Realisation  cfaaiges  (including  inmrance) 


»,483  13    I 

1 

V817 

133  19    7 

OCbi 

873    6    9 

0 

6 -265 

t47  14    9 

1 140  14    9 

0 

550    '  »7 

0-359 

957    5    4 

0 

6-8JS 

s  at  Lake  View  Consols  is  givci 


*  An  eicelleni  illustration  of  the  EurTace  condeii»_.. 

n  the  1901  Ktfort  of  the  Department  of  Mines  of  Western  Australia. 

t  Five  months  only.  %  Six  months  only.  ,  §  Two  months  only. 
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CVANtDB  (PiLTER-PitEss)  Treatment  uc  Slimes,  1900. 

(S  months.) 

ToDSiTOted as.gjg 

Bullion  produced,  oz 13,159-000 

Fine  gold 10,308- 199 

Stsndardgold 11,245-306 

Value £43.811     8    i 

Yield  psr  ion  (bullion),  01 -507 

Vilueptrton ji'   '3    9-360 

Value  per  01 36    6-960 

Cost  per  ot 10    0960 


liapcrintendence  and  preparing  solutions 

Mechanics  an^  helpers 

Discharging  presses  . 

Handling  residues,  etc. 

Turning  linc      . 

Assaji  and  melting   . 

Filter-dolhs     . 
Zinc 
Fuel 

Salt  water 

Maintenance  and  repniis 
Compressed  air 
Electric  light  . 
Fresh  water  . 
Clatsilication  . 
Grinding  slimes 
Realiialion  charges   . 


67  iS 
40S  15  . 

417  19 


■t569  "6 
171  3 
t843  18  I 


In  the  early  days  of  the  Fields,  it  appears  from  a  statement  in 
the  Australian  Mail.X  that  it  cost  the  Lake  View  nearly  401.  a  ton 
to  treat  its  ore  in  June  1896 ;  and  in  September  1S97,  it  was  still 
costing  in  its  old  mill  zis.  Z'\^\d.\  a  ton  ;  whilst  even  at  the  Great 
Boulder,  the  average  cost  of  battery  treatment  was,  I  believe, 
21^.  yd.  in   1896,  but  it  came-down  to  lOr.  8(/.  in  1897. 

The  foregoing  particulars  therefore  show  that  a  great  decrease 
took  place  in  the  following  four  years,  in  the  cost  of  treating  the 
oxidised  ores  of  this  field,  which  no  doubt  would  have  been  carried 


•  Only  six  months.  t  Only  si 

5  It  fell,  however,  to  i+j.  6-848^.  in 
{98,  in  the  new  battery. 


X  June  16,  1398. 
and  to  8^.6-7541/.  in  January 


„  Google 


in    IVestem   Ausirafia.  287 

further,  had  the  supply  of  stone  of  this  class  not^become  practically 
speaking  exhausted  in  most  of  the  older  mines. 

Valjte  and  Fineness  of  the  Gold. — Baron  Oldniitenborgh  has 
pointed  out  that  the  value  of  West  Australian  gold  varies  within 
broad  limits.  Gold  produced  from  quartz  veins,  which  is,  as  a  rule, 
more  or  less  ai^entiferous,  is  worth  from  3/.  %s.  to  4/  2s.  per  oz., 
whilst  the  gold  obtained  from  the  "formations"  has  a  value  of 
3/.  i8j.  to  4/.  4J.  per  oz.  The  Author  does  not  know,  however,  of 
any  actual  case  where  it  exceeded  4/.  2s.  S'7d.  Mr.  Wm,  Freche- 
ville  estimated  the  average  value  of  Kalgoorlie  reef-gold  as"  being 
a  little  over  4/.  per  oz.,  but  this  was  some  years  ago  ;  the  average 
is  now  very  much  lower,  the  bullion  produced  varying  considerably 
in  "fineness,"  depending  largely  on  the  method  employed  in  its 
extraction  and  refining.*  The  average  value  of  West  Australian 
bullion  was  reckoned  at  3/.  lys.  ijif-per  oz.  in  1899,  3/.  14J.  g^d. 
in  1900,  and  3/.  I2s.  iiftd  in  1901.  Mr.  Wm.  Frecheville  gave  the 
figures  for  Ballarat  and  Bendigo  (Victoria)  as  4/.  per  oz.,  and  for 
Charters  Towers  (Queensland)  as  3/,  6s.  per  oz.  in  1896. 

The  Great  Boulder  mill-bullion  was  g/o  fine  (worth  4/.  2s. 
^'Zjd.  per  oz.)  in  1898  ;  and  967  (worth  4/.  2s.  i  ■8i(/.  per  oz.J  in 
1899;  whilst  the  cyanide  bullion  in  1899  was  only  850  fine 
(worths/.  l2J-.2'53i/,  per  oz.).  In  1900  the  sulphide-mill  bullion  was 
886  fine  ;  and  in  1901,  the  bullion  recovered  from  sulphide  ore  by 
amalgamation  was  84S  fine,  and  by  cyanide  719  fine. 

The  Lake  View  Consols  mill-bullion  was  valued  at  4/.  2s.  2  *44r/. ; 
the  cyanide  bullion  from  "sands"  at  3/.  i dr.  1 1 ' 60i^. ;  and  from 
"slimes"  at  3/.  8j.  4'25(/.  per  oz.  in  1897-1898.  In  I9CX)-I90I  the 
roasting-process  yielded  bullion  worth  3/,  13J.  7'2d,;  and  by  the 
Diehl  process  3/.  15^.  Q-6d.  per  02. ;  and  in  the  six  months  ending 
February  1902,  3/,  12s.  O'Sa/.  and  3/.  lis.  2-gid.  respectively. 

The  North  Boulder  mill-bullion  was  worth  4/.  2s.  ^'yd.  in  1898, 
and  the  cyanide  bullion  in  1899  mostly  varied  from  855  (worth 
3/.  i2s.  y'6id.  per  oz.)  to  860  fine  (worth  3/.  13^.  o'j^d.  per  oz.), 
although  it  was  occasionally  as  high  as  880  fine. 

The  Oroya  Company's  mill-bullion  for  the  six  months  ending 
March  31,  igcx),  was  reckoned  at  3/.  i6j.  yd.  net. 

The  Associated  bullion  obtained  in  1899-1900  from  the  trcat- 

*  The  value  is  more  or  less  liable  to  fluctuate  from  year  to  year,  depending  u[]on 

the  relative  proportiona  of  mill  and  cyanide  bullion  produced,  changes  in  the  finencsh 

oF  the  gold  in  individual  mines,  and  variations  in  Ihe  relative  ouljml  of  dilTerent  |>ro- 

prrtics  and  diitiicts. 
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ment  of  sulphide  ore  was  valued  at  3/.  i6j.  -jd."  ;  and  for  the  year 
ending  March  1901,  its  average  value  (mostly  from  the  treatment 
of  sulphide  ore)  is  given  as  having  been  3/.  14J.  wzd.  It  rose  to 
3/.  l6r.  8*3(f.  in  the  year  ending  March  31,  1902. 

I  am  informed  that  in  some  of  the  mines  with  depth  there  is 
a  notable  increase  in  silver  in  the  bullion,  some  of  it  containing 
as  much  as  20  per  cent. 

In  1899  "issays  were  made  in  the  Government  laboratory  of 
carefully  picked  and  cleaned  metal  from  various  districts,  the 
results  of  which  are  given  in  the  following  table,  excerpt  from  the 
Annual  Progress  Report  of  the  Geological  Survey,  1899: — 

Composition  op  West  Australian  Native  Gold. 


Loalily. 

D««HpU™,fS«npl..           ^= 

Gold. 

^-]'S" 

I.  HaU'i  Creek.  Kimberley  . 

Small  alluvial  nageeis           i6'62  933-0 

66oj    10 

3-                  »                     >■ 

{n^-,'S°°^"'^."^'-^^'-' 

1161'     .. 

3.  Shark'i  Golly,  Pilbarra     . 

{"So'..""^.""°°^":)!««:'«'-' 

J30-4!    I'S 

4.  Talgi  TaJgn,  Pilbarra 

844'6 

'SS-4J     .. 

5.  Nulkpne,  Pilbairi . 

jiai 

87-91     - 

6.  Bamboo  Creek,  Pilbaira  . 

„      qnartzreef 

J400|  6o-<^     „ 

7.  Townuma,  Rlbarra  . 

94S-3,  54-7!     ■■ 

B.  Peak  HUI,  Peak  Hill 

„            „                -  ,i7-i696s-4'  34-6'     .. 

|Coa™=gald   ["""  1""'^};  ,5-75  894-5:«0S-<^    0-5 

10.  Boalder,  East  Coolgardie . 

jsi^^-eold   fro.    lode)     ..     ^.j    ,.^     .. 

1 1.  Block  50,  HamptoQ  Plains 

r=^^L^'^'".'"'".^«-5' '994-6    6-4     .. 

II.  Red  Hill,  Coolgardie 

(C.,s^JlnegoMrro.cal.}l.,.^^33.l,^.,     ,.^ 

"  Where  no  figures  are  shown  under  the  column  headed  '  copper 
and  iron,'  the  percentage  of  these  metals  was  not  determined, 
owing  to  an  insufficient  quantity  of  the  sample  being  available. 
In  these  cases,  the  figure  in  the  column  headed  '  silver '  includes 
all  metal  other  than  gold. 

"  The  gold  from  Mount  Morgan,  Queensland,  stated  by  Prof. 
Liversidge  to  be  997  fine,  has  up  to  the  present  been  thought  to 
■  Rtperl,  April  5,  1900,  by  R.  J.  Frecheville,  A.R.S.M.,  M.  Inst.C.E. 
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be  the  purest  of  all  native  gold ;  it  will,  however,  be  seen  in  the 
above  table  that  some  of  the  gold  from  the  Kalgoorlie  district  is 
very  considerably  purer,  some  "  sponge-gold,"  resulting  probably 
from  the  natural  oxidation  of  calaverite  (telluride  of  gold),  being 
999*  I  fine,  or  practically  pure. 

"  The  gold  from  ironstone  pebbles  at  Hampton  Plains  is*also 
more  than  ordinarily  pure,  assaying  994*6  parts  of  gold  per 
thousand.  The  average  fineness  of  the  twelve  samples  of  gold 
analysed  is  917 '  7,  having  a  mint  value  of  3/.  lys.  1 1)^." 
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CHAPTER  IX. 

SULPHO-TELLURIDE   ORE   TREATMENT.     - 

In  the  previous  chapter  I  dealt  with  the  milling  and  cyanide  treat- 
ment of  the  "brown-stone"  or  oxidised  ore  at  Kalgoorlie,  which 
is  distinguished  by  considerable  variety  of  practice,  as  well  as  by 
certain  differences  in  the  details  of  the  several  processes  employed. 

The  question  of  treating  the  unoxidised  sulphide  and  telluride 
ores  is  a  yet  wider  subject,  and  one  upon  which  considerable 
diversities  of  opinion  still  exist  amongst  metallurgists  as  to  what 
will  ultimately  prove  to  be  the  best  line  to  adopt. 

Sufficient  practical  experience  on  a  working  basis  (by  which 
alone  the  matter  can  be  set  at  rest)  does  not  appear,  in  fact,  to 
have  been  gained,  or  at  any  rate,  has  not  been  published,  to 
enable  any  conclusive  opinion  to  be  yet  expressed  on  this  much- 
disputed  question. 

The  unoxidised  ore  in  this  field  carries  a  great  deal  of  the  gold 
it  contains  in  combination  with  sulphides. 

It  must  be  remembered,  however,  that  owing  to  variations  in 
the  character  of  the  ore  in  different  mines,  and  even  in  different 
parts  of  the  same  mine,  a  process  that  may  answer  very  well  in 
some  cases  is  not  always  equally  applicable  in  others;  whilst,  as 
time  goes  on,  means  may  be  found  to  surmount  the  numerous 
chemical  and  mechanical  difficulties  which  have  been  found  to 
cause  trouble  and  expense;  so  that,  when  we  look  back  a  few  years 
hence,  to  practice  in  1900  and  1901,  the  various  processes  now 
under  trial  may  have  become  so  moditied  and  improved,  as  to  yive 
entirely  different  relative,  as  well  as  actual  results,  on  a  large  scale. 

The  solution  of  the  problem  may  therefore  be  worked  out  on 
the  lines  already  adopted,  with  improvements  in  details,  employing 
either  amalgamation  and  cyanide,  or  cyanide  and  bromo-cyanide, 
by  merely  applying  these  well-known  methods  in  such  a  manner  as  to 
best  suit  the  special  circumstances  of  each  mine  ;  or,  it  may  be,  that  a 
new  line  of  treatment  may  come  into  use,  in  which  oil -concentration, 
and  chlorine,  or  possibly  bromine,  may  play  important  parts. 

For  instance,  should  any  lai^e  quantity  of   fairly  high-grade 
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concentrates  have  to  be  dealt  with,  as  a  by-product  of  one  or  other 
of  the  several  systems  of  treatment  hereafter  described,  when  fresh 
water  is  available  for  milling  purposes,  it  might  be  practicable  to 
chlorinate  them  on  the  spot  instead  of  shipping  them  away  to  be 
smelted ;  if  it  is  not  found  cheaper  to  roast  and  cyanide  them,  as  is 
now  being  largely  done. 

Vat-chlori nation  of  the  ore,  as  practised  at  Mount  Morgan," 
might  also  be  rendered  possible  if,  after  roasting,  the  bulk  of  the 
artificially  formed  soluble  salts  that  have  prevented  the  profitable 
application  of  chlorine  to  these  ores,  could  be  cheap!y  removed  t  by 
washing  with  fresh  water ;  or  should  the  composition  of  the  gangue 
of  the  sulpho-telluride  ores  change  materially  in  depth,  and  there 
certainly  appears  lately  to  have  been  a  marked  increase  in  some 
mines  in  depth  in  the  siliceousness  of  the  ore,  accompanied  by  an 
increase  in  the  silver  present,  which  may  be  derived  from  some  of 
the  tellurides  such  as  syivanite  or  petzite;  but  this  latter  element 
in  the  case,  coupled  with  the  poor  leaching  character  of  the  ore  on 
the  whole,  would  seem  to  render  the  extensive  use  of  chlorine  on  this 
field  improbable.  Mr.  Alfred  James  observes,t  however,  that "  it  re- 
mains to  be  seen  whether  bleaching  powder  or  chlorine  might  not  be 
used  for  the  treatment  of  sulphide  tailings,  from  which  the  concen- 
trates have  been  separated  in  plants  where  bromo-cyanide  is  used." 

In  speaking  of  the  sulphide  problem,  it  must  be  understood 
that  the  term  is  used  strictly  in  a  commercial  sense,  not  metallur- 
gically,  since  there  is  no  difficulty  whatever  in  obtaining  a  recovery 
of  over  90  per  cent,  of  the  gold  these  ores  carry  by  several  pro- 
cesses in  actual  use  ;  for  example,  by  smelting  large  quantities  in 
admixture  with  silver-lead  ores.  The  tellurium  can  of  course  be 
saved  by  such  methods  as  Schrdtter's,§  which  was  once  applied  on  a 
small  scale  in  Hungary  to  the  treatment  of  tellurium  "  gold-slimes." 

The  cost  has  unfortunately,  however,  to  be  considered,  and  the 
sulphide  problem  is  really  a  question  of  how  to  extract  the  largest 
percentage  of  gold  at  the  cheapest  all-round  rate ;  a  rate  which, 

'  Mr.  C.  CWunfoid  Lock,  M.  Iiut  M.M,,  givet  the  following  particulars  and  Tcsolts 
in  Celi  Miilitig,  p.  462.  Eiiractton  from  t6-divt.  sulphide  ore,  94  per  cent.  \  in  1S99, 
on  thehaiis  of  chloiiiialing  100,000  torn  of  ore  per  annum,  the  oxidised  ore  cost  3/.  1}^., 
of  which  chemicals  amounted  to  I  l\d.  and  labour  and  fuel  lo  u.  id.  The  sulphuretted 
ore  absorbed  3/.  I0</.  of  chemicals  per  ton. 

t  The  difficulty  of  getting  rid  of  the  soluble  metallic  salts  in  Ibis  way  is  discussed 
on  p.  311. 

I  Cyanide  Practice,  3rd  edition  (3p)  47- 

§  'The  OccOTTcnce  and  Behaviour  of  Tdtunum  in  Gold  Ores,'  by  F.  C.  Smith, 
Trant.  Am.  Inil.  a/  Mining  Eiifiiutrs,  *ol.  XK»i.  p.  50a 
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practically  speaking,  needs  to  be  reduced  to  say  15^.  per  ton,  when 
dealing  with  these  ores  on  a  lai^e  scale,  before  the  sulphide  problem 
can  be  said  to  be  really  satisfactorily  solved,  as  there  are  lat^e  bodies 
of  low-grade  sulphide  ores  on  the  field  (below  15  dwt,  in  value) 
which  must  otherwise  remain  unworked,  I  see  no  reason,  however, 
why  treatment  costs  should  not  be  ultimately  lowered  by  com- 
bined metallurgical  and  mechanical  improvements  to  this  figure,  or 
even  less,  in  course  of  time. 

It  may  be  of  interest  to  mention  here  that,  according  to  Mr. 
T.  A.  Rickard,*  treatment  by  barrel<hlorination,  which  is  even 
more  largely  employed  than  cyanide,  for  dealing  with  telluride  ores 
in  Colorado,  at  one  of  the  lai^e  Cripple  Creek  mills  (which  has  a 
capacity  of  3000  tons  per  month),  cost  $3*46  (141,  %d.)  per  ton  of 
ore  treated;  whilst  side  by  side  is  given  a  later  estimate!  by 
Mr.  John  E,  Rothwell,  which  closely  agrees  with  it : — 

T.  A.  Riekard.  I  Jthn  E.  Retkviett. 

Libour  tnd  lalaries  t '  lo  !     Labonr  Bod  office  salaries  I '  34 

Chemicals  and  supplies        .  0*78  1     Chemicals  and  tnppUes  0*71 

Fuel           ....  0*65           Fuel  for  roasting  and  power  0*70 

Weu  and  lear    .  0-55  1     Renewals  and  repairs  .         .  0*45 

Incidentals                            .  o'aS          Misceltaneous                        .  0*31 

Total     .  3-46     I  Total     .        .      3-53 

Adding  interest  on  investment,  general  expenses,  and  deteriora- 
tion of  plant,  the  total  cost  approximates  |l4*oo  per  ton.  Mr. 
Rickard's  figures  are  based  on  chloride  of  lime  costing  $2 '40, 
and  sulphuric  acid  $i"25  per  lOO  lb.  ;  the  roasting  costs}  alone 
amounting  to  45  to  60  cents  per  ton  ;  this  item  has  tended  to  grow 
heavier  as  the  Colorado  mines  have  become  deeper,  as  the  sulphur 
contents  has  increased  from  an  average  of  I  per  cent.,  it  is  said,  in 
1895,  to  2I  per  cent  or  more. 

It  must  also  be  recollected  that  both  the  local  conditions  and 
the  prices  in  Western  Australia  differ  from  those  in  Colorado. 

Mr.  H,  Knutsen  considers  \  that  iron-spar  is  the  most  character- 
istic mineral  in  the  Kalgoorhe  ores. 

•  Mining  and  Scitntijit  Frai,  Decembcc  30^  1S99. 

t   Thf  Mineral  laJuslry,  vol.  ix.  p.  370. 

i  Mr.  Allied  James.  M.  Imt.  M.M.,  slated  in  1900  thai  Ibe  roasting  costs  at  Cripple 
Creek  00  tpllnride  ores  were  under  It.  per  ton.  includLng  fuel,  cooling,  convoying,  ial>our 
•nd  lubiicants ;  the  chief  item  being  (or  fuel  ( 160  lb.  of  sUck-coal  at  Si.  per  short  ion), 
which  amoanU  to,  say  ^^d.  per  short  ton,  or  8{J.  per  long  ton  of  ore  roastcil.  Trans, 
Intl.  b/  Mining  amd  Mttallmgy,  vol.  viii.  p.  514. 

%  'The  Diehl  Process,'  bjr  H.  Knatscn,  M.  Inst.  M.M.  A  pa[ier  read  before  the 
iDSlilulion  of  Mining  and  .\lctalluTg7,  June  1902. 
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An  interesting  comparison  of  the  characters  of  the  ores  in  these 
two  localities,  which  is  given  by  Mr,  T.  'A.  Rickard,*  explains 
the  causes  of  difference  in  practice  in  the  two  districts  that  has 
hitherto  obtained,  "  In  both  cases  we  have  to  deal  with  altered 
eruptives  as  the  matrix  of  the  ore,  but  the  much  older  rock  of 
Kalgoorlie  has  uiidei^one  more  decomposition  than  that  of  Cripple 
Creek.  To  the  metallurgist,  the  difference  is  of  great  importance, 
especially  in  the  milling  of  the  low-grade  ores. 

"  The  Kalgoorlie  lodes  carry  only  a  small  amount  (2  to  12  per 
cent,)  of  alumina,  the  replacement  of  the  felspar  having  advanced 
very  far ;  while,  on  the  other  hand,  the  impregnation  of  secondary 
carbonates  of  lime  and  magnesia,  a^regating  from  5  to  1 5  per  cent., 
gives  the  ore  a  strong  dolomitic  ingredient  The  silica  contents 
average  between  45  and  60  per  cent,t  Titaniferous  iron  accounts 
for  the  presence  of  i  to  2  •  5  per  cent  of  titanic  acid. 

"  The  Cripple  Creek  ore  has  a  composition  which  approximates 
that  of  the  prevailing  rocks,  and  therefore  the  alumina  is  very  iiigh, 
from  15  per  cent,  in  the  granitic  ores  to  25  per  cent,  in  those 
occurring  with  phonolite  and  its  allied  dyke  rocks.  Of  lime  and 
magnesia,  there  is  only  a  trace  of  the  latter  to  4  per  cent  of  the 
former.  The  silica  ranges  from  gj  to  70  per  cent.,  being  highest  in 
the  granitic  ores.  In  sulphur  and  iron  the  two  districts  present  no 
very  marked  dilTcrence,  although  there  is  more  pyrite  disseminated 
through  the  ore  at  Kalgoorlie  than  at  Cripple  Creek,  the  avera^ 
percentage  of  sulphur  being  from  4  to  8  at  Kalgoorlie. 

"  From  a  smelter's  standpoint  the  Kalgoorlie  ore  is  the  better, 
being  less  siliceous,  and  (what  is  more  important)  carrying  a  much 
smaller  percentage  of  alumina."  It  would  be  interesting,  however, 
to  know  what  losses  of  gold  have  actually  been  incurred  through 
volatilisation,  or  in  other  ways,  in  smelting  these  particular  telluride 
ores,  and  other  details  bearing  on  this  subject,  in  regard  to  which 
nothing  so  far  as  I  know  has  ever  been  published. 

"  It  is  the  practice  in  Colorado  to  limit  the  amount  of  alumina  in 
the  charge  of  the  lead-smelting  furnaces  to  about  S  per  cent  The 
Cripple  Creek  ores,  which  carry  four  times  this  proportion,  are 
smelted  only  in  limited  quantities,  mixed  with  other  ores,  so  as  not 
to  impair  the  fusibility  of  the  slag. 

"The  absence  of  copper  and  lead  in  the  ores  of  both  dis- 

*  '  The  Telluiide  Ores  of  Cripple  Creek Hnd  Kalgoorlie,'  by  T,  A.  Rickard,  A.R.5.M., 
Tram.  Am.  Insl.  a/  Mining  Enginetrt,  vol,  Jixx, 

t  Thii  seemi,  as  alreadj'  said,  to  be  increaiing  with  depth. 
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tricts  does  not  affect  the  reduction  by  smelling,  but  it  obviates 
difficulties  which  might  otherwise  arise  in  the  wet  treatment  at 
the  mills. 

"The  dolomite  in  the  Kalgooriie  lodes  renders  chlorination  un- 
suitable as  a  method  of  treatment,  on  account  of  the  fact  that  the 
lime  and  magnesia,  resulting  from  the  roasting  of  the  carbonates, 
absorb  the  chlorine  before  it  can  unite  with  the  gold,  and  thus 
prevent  any  solvent  action  upon  the  precious  metal  until  the 
former  elements  have  been  satisfied. 

"  On  the  other  hand,  the  presence' of  the  carbonates  tends  to 
neutralise  the  acidity  due  to  the  sulphatisation  of  pyrites  and 
renders  the  ore  very  amenable  to  cyanidation,  the  process  now 
employed  at  Kalgoorlie. 

"  The  schistose  character  of  the  lode-stuff  causes  it  to  slime  easily 
in  wet  crushing,  and  the  mechanical  difhculties  arising  from  this 
fact  promoted  the  genera!  adoption  of  dry  crushing,  in  order  to 
expedite  subsequent  leaching  and  filtration."  Experience  has,  how- 
ever, proved  that  in  treating  the  sulphide  ores,  whether  wet-  or  dry- 
crushed,  the  production  of  "slimes"  cannot  be  avoided — in  fact, 
the  eventual  sliming  of  the  ore  is  aimed  at,  both  in  the  Diehl  and 
Boulder  Main  Reef  processes. 

"  The  Cripple  Creek  ores  are  docile  to  cyanidation  and  chlori- 
nation alike.  The  latter  process  requires,  of  course,  a  '  dead-roast ' ; 
and  for  this  reason  the  cyanide  process,  which  does  not  necessarily 
require  the  roasting  of  oxidised  and  partially-oxidised  ores,  had  an 
advantage  in  the  early  days  of  the  district. 

"Now,  however,  it  is  recognised  that,  apart  from  chemical 
reasons,  it  is  economical  to  subject  the  oxidised  ores  (at  Cripple 
Creek)  to  roasting,  on  account  of  the  resulting  betterment  in  the 
leaching  and  filtering  of  the  pulp," 

During  1899,  Cripple  Creek  is  credited  with  an  output  of 
425,590  tons  of  ore,  of  a  gross  value  of  $15,658,254  ;  whilst  com- 
paring the  two  fields,  in  the  same  year  Kalgoorlie  may  be  esti- 
mated to  have  produced  466,759  tons  of  ore,  of  a  gross  value  of 
$16,172,532, 

During  1900  the  production  of  Cripple  Creek  amounted  to 
$18,073,539,  '"  goH  and  $18,550,859  in  1901. 

Mr.  H.  L.  Sulman  ■    has   remarked  that  bismuth   is  of  very 

•  Trans.  Inst,  ef  Mining  end  MHallurgy,  toI.  Tiii.  p.  513. 
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general  occurrence  in  these  ores,  occasionally  in  quite  appreciable 
quantity,  and  usually  in  association  with  tellurium ;  vanadate  of  lead 
is  found  in  the  Associated  ore,  whilst  antimony,  as  shown  by  the 
analysts  given  on  p.  298,  is  also  sometimes  present ;  and,  as  pointed 
out  by  Mr.  Sulman,  molybdenum,  antimony,  bismuth,  vanadium 
and  tellurium  all  render  gold  ores  refractory  of  treatment,  even 
when  present  in  small  amount,  which  may  account  under  ordinary 
circumstances  for  the  non -extract ion  of  several  pennyweights  of 
gold. 

Smelting. — In  the  earlier  days  of  the  Kalgoorlie  field,  this  was 
the  only  means  by  which  the  richer  "  tellurideores  "  could  be  dealt 
with,  and  it  cost  the  mines  {including  freight  and  shipment  chaises) 
somewhere  in  the  neighbourhood  of  $1.  los.  a  ton,  and  sometimes 
considerably  more,"  to  recover  some  95  per  cent,  of  the  gold  the 
Kalgoorlie  ores  contained. 

Later  on,  however,  the  smelters  seemed  to  recognise  the  ex- 
pediency of  lowering  their  rates,  and  the  "  returning  charges  "  came 
down  to  about  2/  a  ton,  being,  in  exceptional  cases,  perhaps  5J.  a 
ton  lower,  in  others  higher,  according  to  variations  in  the  character 
of  the  ore  ;  but  subsequently  they  again  raised  their  charges. 

Depending  on  the  "returning  charge"  and  the  value  of  the 
ore,t  some  works  allow  the  mines  92J  per  cent,  to  95  per  cent, 
of  the  assay  value  of  the  gold  in  the  stone,  paying  for  the  gold 
contents  at  the  rate  of  4/.  per  oz.  fine  ;  in  other  cases,  they  pay 
for  it  in  full,  at  this  rate,  making  a  deduction  of  ij  to  2  dwt 
per  oz.,  according  as  it  runs  under  or  over  a  certain  specified  assay 
value. 

The  silver  present  is  generally  paid  for,  if  in  excess  of  3  to 
5  oz,,  at  the  current  rate  of  the  day  for  standard  silver. 

Lead,  copper,  zinc,  arsenic,  antimony,  or  bismuth.  If  present, 
subject  the  "  returning  charges  "  mentioned  to  material  modifica- 
tion ;  but  as  these  elements  are  not  generally  found  in  the  Kalgoorlie 
ores  in  large  amount,  this  is  outside  the  question. 

It  is  clear,  however,  that  with  the  one  item  alone  of  bagging 

*  In  1S9S-9  the  Lake  View  Consols  shipped  3630  Ions  to  smelting  works  in  New 
South  Wales,  which  produced  103,1(7*410  or..,  being  au  tverage  of  38'976  01.  per 
ton,  upon  which  the  cost  of  shipping,  smelling  and  realisation  of  bullion  is  stated  to 
have  been  ^l.  4J.  l\d.  per  ton. — Aitnual  Report,  p.  13. 

t  The  smelten  prerer  not  to  treat  ore  of  exceptionally  "  high  grade,"  owing  lo  its 
attendant  risks. 
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the  ore,  representing,  as  it  did,  say  5J,  to  6r.  a  ton  (bags  *  costing 
from  \s.  lod.  to  jf.  a  dozen),  allowing  for  mining,  development  and 
general  expenses,  crushing,  cartage,  freight,  insurance,  wharfage, 
agency  t  and  export  charges,  with  the  utmost  economy,  sulphide 
ore  to  be  treated  in  this  way  had  to  be  worth  at  least  25  to  274  dwt. 
per  ton,  or  say  $1.  to  g/.  icxr.,  to  pay  for  shipping  and  treating,  if 
the  ore  was  smelted  outside  of  the  Colony. 

The  smelting  works  in  the  Colony,  apart  from  special  contracts 
(made  for  lots  exceeding  200  tons,  having  special  fluxing  value, 
or  ore  of  exceptionally  high  grade,  and  concentrates),  at  one  time 
purchased  gold-ores,  I  am  informed,  on  the  following  tariff  basis  : — 

Gold  coDtenU- 

If  the  oi«  ussij'Kd  under  3  oi.        93  \ 

a  01.  to  3  02.  94  !     of  "*»y  '•'"*  P""^  ^'"  **  "" 

3  ,.    to6  „     9S  I         B»  of  4;.  p«r  01,  fine. 

6  „    and  over  96  I 

All  silver,  less  3  oz.  per  ton,  paid  for  according  to  tariff  for 
silver  ores. 

Treatment  charges,  45^.}  per  ton  of  2240  lb.,  varying  accord- 
ing to  the  chemical  composition  and  physical  nature  of  the  ore. 
Oxidised  ores,  carrying  an  appreciable  amount  of  iron  or  lime, 
being  subject  to  a  lower  charge  than  ores  containing  a  large  per- 
centage of  silica  or  alumina. 

The  advantages  of  smelting  in  the  Colony  were  specified  as 
follows : — 

1.  Saving  of  sea  freight,  with  wharfage,  demurrage,  storage, 
agency  fees,  and  delays  at  port  of  shipment  and  landing. 

2.  Saving  the  export  duty  placed  on  all  gold-ores,  of  $s.  or  los. 
per  ton,  if  shipped  outside  the  Colony,  according  as  their  assay 
value  is  under  or  over  10  oz.  per  ton. 

3.  Avoiding  bagging,  as  the  Government  supply  light  trucks 
for  handling  ore  in  bulk  ;  and  bags  are  returned  free  of  charge. 

4.  A  rebate  on  the  freight  rate  of  ^d.  a  ton  per  mile,  con- 
ceded by  the  railway  department,  on  all  ores  smelted  in  Western 
Australia,  not  exceeding  10  oz.  in  value. 

S-  The  ore  need  not  be  broken  smaller  than  to  pass  a  4-inch 
ring,  doing  away  with  the  necessity  of  the  seller  "  spatling  "  it. 

"  Of  «  size  to  contBiii  70  to  75  lb.  of  ore, 

t  Wharfige  and  agency  chaigei  may  be  re^oned  at  3/.  6d,  to  41. ;  and  there  U  » 
GovemmeDt  export  chaise  levied  on  oie  wnelted  outside  of  the  Colony  of  5^.  k  ton. 
J  Oa  tnlphide  ore,  say  about  501.  per  ton. 
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6.  The  seller  or  his  agent  can  be  personally  present,  to  see  the 
ore  sampled. 

The  following  were  the  Western  Australia  Railway  rates,  at  4</. 
per  ton  •  per  mile,  to  Owen's  Anchorage  (two  miles  from  Fre- 
mantle),  on  consignments  of  not  less  than  5  tons,  and  of  a  declared 
value  of  under  10  oz.  per  ton. 

Uiki.  £    I.  d.  MOtt.  £     t-     d. 

363  Coolgardie  o  15  3)  467  Metujes  .  o  19    6} 

387  Kaleoorlie  .                o  t6  2|  51S  Mount  Magnet  118 

399  Kanowna  o  16  8}  Bouldei  CU;    .  □  16    4) 

According  to  the  railway  tariff  (May  1902)  these  rates  were 
raised  to  Ss.  4//.  for  the  first  100  miles  and  ^d.  per  ton  beyond  that 
distance. 

In  a  letter  to  the  financial  Times,  dated  February  26,  1901, 
Messrs.  James  Bros,  mention  that  at  the  annual  meeting  of  the 
Associated  Northern  Blocks,  the  chairman  of  the  company  stated 
that  the  expense  of  shipping  sulphide  ore  came  to  something  like 
3/.  lar.  per  ton,t  which  is  no  doubt  approximately  what  it  cost 
(exclusive  of  mining  charges)  to  deliver  and  smelt  ores  of  this  class 
in  the  Colony  under  the  most  favourable  conditions  in  1901.  A 
water-jacket  furnace  was  erected  some  time  back  at  the  Golden 
Horse-Shoe  mine  to  smelt  the  ore  on  the  spot.  In  the  last  five 
months  of  1900,  9437  tons  of  sulphide  ore  from  this  mine  were 
smelted  at  Fremantle,  and  returned  23,748  oz.,  giving  an  average 
extraction  of  94  per  cent.,  at  an  average  cost  of  3/.  13J.  2  7iid., 
including  breaking,  sampling,  proportion  of  management  and 
general  charges,  transport,  and  smelting  costs.  I11  1901,  21,048  tons 
of  sulphide  ore  were  treated  by  the  Mine-smelter  and  Fremantle 
Works,  which  returned  75,285 -088  oz.  of  gold. 

The  first  of  the  two  following  analyses  may  be  taken  as  an 
example  of  the  class  of  ore  on  this  field  that  was  formerly  smelted  ; 
the  second  %  as  being  typical  of  the  sulphide  ores,  dealt  with  by 
cyanide  up  till  recently ; — 

*  Effbrla  weic  made  lo  get  thii  leducei]  to  )/.  per  ton. 

t  Mr.  A.  E,  Thoitias,  in  a  report  dated  November  23,  1901,  ttaied  thai  tmellins 
cbftTges,  including  carriage,  Irom  Golden  Gate  Station  to  Fremantle,  foimelly  cost 
3/,  11/.  +/.  The  cinTCnt  charge  Icing  3/.  Iti.  4J.,  whilst  "aoctini;"  and  "breakbg" 
at  EUiface  cost  4>.  extra.     Total,  4/.  Oir.  41/. 

t  '  The  Tceitment  of  West  AusiisliBB  Sulphide  Oi«s,'  bj  Alfred  Jame*.  M.InstM.M., 
Tram.  Imt.  ef  Mining  and  MdalUirgy,  toI.  viii. 
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Lime 

Sulphur 

CO,    . 
Leu)  . 

Zinc    . 

Oxygen  (combine' 

Anlimony    . 
Alkalies,  etc.  (un^etermi 
t  Tellurium    . 


A  more  recent  analysis  is  givenby  Mr.Robt.  Allen,M.Inst.M.M.,t 
showing  the  composition  of  a  sample  of  air-dried  sulphide  ore  from 
the  1 100  feet  level  of  the  Great  Boulder. 

Ptrceni. 

Silica 74'95 

Alumina 1-75 

Sulphide  of  iron         ......  5 '40 

Carbonate  of  iron      ......  3' 31 

„        of  calcium 7'03 

„         of  magnesium    .....  4'?^ 

Alkalies  ........  i'4o 

Waler  (combined) o'2S 

„      (moisture)  balance   .         .         .         .  i'24 


The  increased  percentage  of  silica  with  depth  is  to  be  noted  ; 
and  the  presence  of  selenium  is  not  uncommon.  Selenious  acid 
being  a  solvent  of  gold,  it  may  give  rise  to  loss  if  sulphuric  acid  is 
used  for  cleaning  up  "  goId-sHmes  "  ;  and  selenium  is  also  said  §  to 

•  An  analysis  of  100  tons  of  Great  Bonlder  Miin  Reef  ore  e"**"  ^1  Mr.  Edward 
Skeirci,  Mining  ymrnal,  1S98,  No.  3164,  p.  313. 

t  Mr.  H.  L.  Sulman,  M.  Inst.  M.M.,  states  that  be  has  found  as  much  as  o'  15  per 
cent,  of  tellunum  present  in  samples,  and  that  probably  about  one-third  only  of  ihe 
gold  is  combined  with  the  tellurium,  the  rest  bdng  "free."  Conuderable  nuinginese 
ii  likewise  present  In  the  oxidised  ons.  'J  ram.  Intl.  of  Mining  and  Mtlailurgy,  vol.  viii. 
pp.  495-496- 

%  '  A  DescriplioD  of  the  Reduction  Plants  and  Processes  of  Reduction  on  Some  of  the 
Pliudpal  Kslgoorlie  Gold  Hinet,'  by  Robl.  Allen,  M.A.,  B.Sc,  Royal  ComnutuoD, 
Glasgow,  190I,  p.  17.  §  Alfred  James,  CyaniJt  Practici,  3rd  ed.  (3p)  I?. 
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cause  trouble  in  melting  cyanide  bullion,  as  at  Redjang  Labong 
in  Sumatra  it  forms  a  matte  which  appears  to  consist  principally 
of  selenide  of  silver. 

Ore  of  the  grade  shown  in  No.  i  analysis  of  course  left  a 
handsome  profit  on  smelting  it,  notwithstanding  the  expense,  and 
this  mode  of  treatment  was  necessitated  under  the  circumstances, 
in  order  to  realise  any  immediate  returns,  in  the  earlier  days  of 
the  field. 

The  obvious  need  of  a  cheaper  process,  however,  which  would 
admit  of  the  ore  being  treated  on  a  lai^e  scale  on  the  spot, 
speedily  brought  out  of  retirement  a  number  of  inventors,  with 
patent  processes  to  offer,  each  one  claiming,  and  doubtless  believing 
his  own  particular  method  to  be  the  best ;  but  with  one  or  two 
exceptions,  none  of  them  ever  reached  the  stage  of  being  applied 
on  a  working-scale,  and  at  the  present  time  there  are  only  four 
main  lines  of  treatment  in  use  for  dealing  with  these  sulphide  ores. 
Still,  as  I  have  said  before,  this  by  no  means  excludes  other  in- 
ventors from  the  field  of  competition,  as  it  does  not  follow  that 
because  there  have  been  numberless  failures  in  the  past,  some  one 
may  not  find  a  key  that  will  exactly  fit  the  lock,  and  prove  that  it 
is  a  simpler  one  to  open  than  it  seems.  It  is  a  question,  however, 
that  chiefly  concerns  the  wakeful  metallurgist  engaged  in  experi- 
mentall  research,  who,  if  he  is  of  an  inquiring  disposition,  can  turn 
it  over  in  his  brain  when  he  cannot  get  to  sleep ;  and,  whilst 
venturing  to  indicate  a  few  points  to  which  investigation '  might 
perhaps  be  profitably  directed,  all  that  the  Author  has  attempted 
lias  been  to  describe  what  has  been  done  up  to  the  present,  fol- 
lowing the  evolution  of  each  process,  step  by  step,  to  the  point  it 
has  so  far  reached. 

The  first  attempts  to  deal  with  "sulphide  ores"  locally  (which 
was  a  step  in  the  right  direction)  commenced  with  the  erection  of 
the  Lake  View  Consols  and  the  Associated  Gold  Mines  works,  in 
the  early  autumn  of  1898. 

T/te  Lake  View  Consols  {old )  Sulphide  Works,  as  the  result  of 
previous  experiments,  originally  adopted  the  following  plan  of 
treatment.  The  ore,  broken  at  the  main  shaft  in  a  No.  J  Gates 
rock-breaker,  was  conveyed  by  the  aerial  wire  ropeway  to  the  mill, 
where  it  was  further  crushed  in  two  No.  2  Gates  crushers,  dried  in 
a  rotatory  dryer,  and  passed  through  two  sets  of  Chilian  mills  ;  • 
after  this  it  was  screened  in  a  trommel,  and  the  unfinished  pro- 
*  Replaced  in  1899  bf  (h«  two  No.  5  Krnpp  millt. 
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duct  was  delivered  to  two  No.  5  Krupp  ball-mills  with  a  capacity 
of  50  tons  a  day  each,  fitted  with  20-mcsh  discharge  screens,  that 
is  to  say,  having  4C0  holes  to  the  square  inch.  The  crushed  ore 
from  the  mills  was  conveyed  to  storage  bins,  and  thence  passed 
through  automatic  feeders,  to  two  mechanical  reverberatory  straight- 
line  furnaces,  having  tSo  by  10  feet  hearths,"  with  four  fire-boxes 
on  each  side.  The  roasted  ore,  discharged  from  the  furnace,  after 
having  passed  through  inclined  iron  cooling-cylinders  f  {revolving 
in  a  tank  of  water),  was  stored  on  a  "  cooling-floor,"  from  which 
it  was  intended  to  deliver  it  to  the  steel  cj-anide-vats  by  a  steam 
grab<rane,  and  leach  it  in  the  ordinary  way. 

The  original  capacity  of  this  plant  was  estimated  at  100  tons  a 
day. 

Unfortunately,  although  experiments  on  a  small  scale  were 
reported  to  have  proved  satisfactory,  defects  very  soon  manifested 
themselves  in  this  proposed  system  of  treatment  when  operated 
on  a  working  scale.  The  first  trouble  was  caused  by  the  wire- 
rope  haulage  of  the  furnace  rapidly  giving  out,  although  by  sub- 
stituting chain-haulage  for  operating  the  rabbles  this  difficulty  was 
partially  remedied. 

Owing,  further,  to  the  heat  of  the  furnace  with  wood  fuel  not 
being  able  to  be  kept  properly  under  control,  the  dischai|^c  doors 
at  the  end  of  the  furnace  also,  it  was  reported,  "burnt  out"  ;  a 
trouble  which  was  met  by  suspending  them  from  a  water-jacketed 
carrier,  and  moving  them  further  back  from  the  fire.  Finally  a  self- 
feeder  had  to  be  added  to  the  furnace,  to  overcome  irr^:ularities 
in  chai^ng,  and  under  the  circumstances  it  is  perhaps  scarcely  to 
be  wondered  at,  that  the  results  of  the  roasting  were  so  poor}  that 
the  sands  had  to  be  set  on  one  side  for  retreatment ;   but  the 

*  At  the  Golden  Reward  woilts  Id  Dukota  the  heuth  of  a  fuimice  of  umilar  type  U 
iSo  X  S  feet. 

t  The  Argall  oie-cookr  {a  multilubular  cyliDdiical  cooler)  U  calcalated  lo  be  able  to 
handle  300  tons  of  roasted  ore  a  day,  and  10  cool  it  efTeclivelji  in  about  aj  miButes  from 
the  time  ii  h«$  left  the  fnmacea. 

%  The  Swanica  expert,  subsequently  engaged,  got  the  furnaces,  I  am  informed,  into 
better  TunDing  order,  the  ore  being  toasted  fairly  "swtel,"  each  furnace  tumjng  out 
about  30  Ions  [n  24  houis,  and  the  sulphur  being  brought  down  lo  O'  15  per  cent.  |  and 
it  was  stated  that  the  output  of  ihe  furnaces  could  be  incieaiied  to  40  or  45  tons  without 
seriously  affecting  the  roast.  Il  was  afterwards  decided,  I  believe,  to  abandon  air- 
sepaialion  in  favour  of  water- claisification,  as  the  imperfect  sepaiation  of  the  sands  and 
Blimea  had,  it  was  reported,  a  decidedly  advert  effect  on  the  rate  of  eilraclion  by  snb- 
sequent  liiiviation  and  filler-pressing,  and  proper  aepatalion  into  sands  and  sliroes  wa» 
expected  to  yield  better  results  in  both  departments. 
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slimes,  treated  by  citation  and  iilter-presses,  showed,  it  was  stated, 
as  good  an  extraction  as  95  per  cent. 

It  was  thought  at  first  that  by  crushing  the  ore  to  pass  a 
20-mesh  screen,  and  roasting  it,  the  gold  could  be  extracted  by 
ordinary  vat-Ieaching ;  but  it  was  found  in  practice  to  require  a 
much  longer  time  than  had  been  anticipated,  consequently  it  was 
decided  to  crush  it  to  30-mesh  size,  two  No.  8  and  two  No.  5 
Knipp  ball-mills  being  added  to  the  plant  in  1899.  The  coarse 
sands,  after  crushing  in  the  mills,  were  separated  from  the  "fines," 
in  pneumatic  separators,*  the  idea  of  this  being  to  leach  the  sands 
apart  in  vats,  whilst  the  "  slimes  "  were  to  be  agitated  in  agitators 
and  filter-pressed.  For  this  purpose  four  Dehne  filter-presses  t 
were  added  to  the  mill ;  and  two  additional  furnaces  and  ten  loo- 
ton  steel  vats  were  erected,  whilst  other  necessary  alterations  were 
made  with  a  view,  it  is  stated,  to  increase  the  capacity  of  the  plant 
up  to  between  3CX3and  350  tons  per  diem.  Two  No  8  Knipp  ball- 
mills  with  ore-bins  and  conveyors  were  erected,  and  two  2CO-ton 
lixiviation  vats  for  sulphide  sands  were  added  to  the  plant  in  1930. 

Working  under  the  difficulties  that  have  been  mentioned,  1403 
tons  were  treated  in  1899,  which  produced  4487'o75  oz.,  at  a  cost 
of  3/.  i6s.  gd.  per  ton. 

The  results  for  the  year  ending  August  31st,  l90o,maybesum- 
marised  as  follows : — 

Sulphide  sands  treated  l8,ai4ton*. 

ei.      di7t.  ir. 
Gdd  won  28,690  19  16 

Average  yield  pec  (on  i  ti  21 

„       value  o(  sands  I   '9    3 

„  „     of  residue,   .  o    7    6  (<^*^»''^jf "'" '"' 3  """""-^ 

Avenge  amouDt  of  sulphur  !n  Ihe  toasted  ore  o'  15  per  cent. 

Extraction Si  „ 

Consumption  of  cyanide 666  lb,  pei  ton  of  ore. 

Lixivia/ion. — The  treatment  of  the  sands  in  vats  by  percola- 
tion was  not  satisfactory,  the  presence  of  7  per  cent,  of  lime  in  the 

•  See  note  t,  p.  300- 

t  Mr.  H.  Knutstn  says  that  "  It  will  surprise  most,  to  learn  that  Dr.  L.  Diehl,  of 
the  London  and  Hamburg  G.  R.  Co.,  Ltd.,  in  1S96,  in  Hambu^  ncluolly  demonstrated 
the  efficiency  of  filter- presses  on  1  targe  scale  on  ore  from  Kaigoorlie."  The  conslrudion 
and  operation  of  filler- presses  is  described  by  William  McNeill,  M.Inst.  .M.M.,  'Filter- 
press  Treatment  of  Gold  Ore  Slimes,'  Trarii.  Inst,  of  Mining  and  Metallurgy,  vol.  vi. ; 
by  C.  G.  Wamford  Lock  in  Gold  Milling;  and  others. 
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roasted  ore  (which  renders  it  liable  to  set  when  wetted)  making  per- 
colation slow  and  imperfect,  and  this,  combined  with  the  presence 
of  coarse  gold  (formed  in  roasting)  accounts  for  the  high  value  of 
the  residues  and  the  length  of  time  (three  weeks)  occupied  in  leach- 
ing. In  consequence  of  this  a  heavy  consumption  of  cyanide  was, 
involved,  though  it  was  reduced  to  3-29  lb,  during  the  last  three 
months  of  the  year. 

Sulphide  slimes  treated      .         .         3960  loos. 

Gold  won 

Avpra£e  value  of  slimes 

Exl  taction 

CoDsumption  of  cyanide     . 

Agitation  and  Filter-pressing. — With  proper  separation  of  sands 
and  slimes,  this  portion  of  the  process  would,  it  was  stated,  show  a 
very  satisfactory  rate  of  extraction.  The  high  average  value  of  the 
residues  (4  dwt.  23  gr.)  was  due  to  the  presence  of  "sands." 
During  the  last  three  months  they  were,  however,  reduced  to  3  dwt. 
8  gr.  The  abnormally  heavy  consumptionof  cyanide  was  explained 
by  imperfect  roasting  in  the  early  part  of  theyear,  and  the  con- 
sumption was  reduced  at  the  end  of  the  period  (August  1900) 
covered  by  the  official  report  I  have  quoted,  to  yjo  lb.  per  ton 
of  ore. 

During  the  last  four  months  of  the  period  in  question  the 
average  cost  of  treating  sulphide  ore  was  brought  down  from 
43J.  id.  to  32J.  lod.  per  ton. 


Crushing  and  transit 

Koasiing 

Leaching  and  filleT-pre<sin|; 


The  results  obtained  from  experimental  trials  with  the  Diehl 
process  in  1900  are  stated  to  have  been  as  follows  : — 


Ore  treated 

ai7  tons. 

Gold  won    .... 

333  oz.  17  dwt.  8gr 

Aveiaee  value  of  slimes 

1  01.  3  dwt.  z  gr. 

yield  per  ion  . 

I  01.  1  dwt.  11  gr. 

„        value  of  tesidufs      . 

1  dwL  15  gr. 

Extraction  .... 

9* -83  per  cent. 

l-l81b.perlonofo 

The  quantity  of  sulphide  ore  that   was  shipped  to   smelters 
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amounted  to  3764  tons,  which  yielded  95,093  oz.,  or  at  the  rate  of 
25  oz.  5  dwt.  5  gr.  per  ton. 

The  results  of  treatment  in  the  sulphide  works  (which  were 
closed  down  in  1902)  and  the  costs  in  1901,  are  given  in  a  supple- 
mentary table  at  the  end  of  this  chapter ;  and  a  description  of  the 
Piehl  mill,  and  method  of  treatment,  is  given  later  on  p.  379. 

The  Associated  Gold  Mines  of  Western  Australia. — The  system 
of  sulphide  treatment  first  adopted  at  these  works  appears  to  have 
been  modelled  on  much  the  same  lines  as  that  originally  employed 
at  the  Great  Boulder  Main  Reef  (in  1899),  and  at  the  Lake  View 
Consols  mill,  with  the  exception  that  "  Stearns- Roger"  rolls  and 
ball-mills  were  employed  for  crushing  the  ore,  and  four  Ropp 
furnaces  were  put  in,  each  with  a  hearth  150  feet  in  length  by 
14  feet  in  width. 

The  mill  was  started  in  October  1899,  and  at  first  the  metal- 
lurgical results  seemed  satisfactory  (owing,  apparently,  to  imperfect 
sampling  of  the  tailings  in  the  vats),  but  the  actual  extraction 
proved  disappointing,  as  from  October  20,  1899,  to  March  5, 1900, 
it  appears'  that  12,303  tons  of  ore  were  treated,  containing, 
according  to  assay,  13,011  oz.  of  fine  gold,  which  should,  there- 
fore, have  been  worth,  at  ^L  4s.  ii^d.  peroz.,  55,269/,  13^.  In  point 
of  fact,  however,  during  the  same  period,  8567  oz.  of  bullion  were 
actually  produced,  of  an  average  value,  according  to  assay,  of 
3/.  16s.  yd.  per  oz.,  representing  a  money  value  of  32,804/.  gs.,  show- 
ing a  saving  of  only  59'35  P^''  cent.,t  and  a  loss  in  the  tailings  of 
8' 5  dwt  per  Ion, 

Many  vats,  after  over  a  month's  treatment,  still  seem  to  have 
assayed  1 5  to  16  dwt.,  and  the  consumption  of  cyanide  varied  from 
9  to  10  lb.  per  ton  ;  but  was  reduced  in  igoo  to  6^  lb. 

Estimating  the  capacity  of  the  Ropp  furnaces  at  70  tons  a  day 
each,  it  was  calculated  that  the  maximum  output  of  the  complete 
mill  would  not  exceed  280  tons  of  ore  per  diem ;  but,  whilst  ad- 
vising a  complete  change  in  the  system  of  treatment,  the  opinion 
was  expressed  by  one  of  the  engineers  who  reponed  on  the  mine 
early  in  1900,  that  the  extraction  results  might  be  improved  upon 
by  the  addition  of  the  air-separators,  agitators,  and  filter-presses, 

*  Report  b;  Mr.  R.  J,  Fiecheville,  M.  Insl.  C.E.,  April  5,  1900,  p.  5. 

t  Mr.  ).  Angove  mentions  ibat  Ihe  BverB£i:  exiractiun  in  FebTuary  1900  was 
64*13  per  cent.,  leaving  lO' j  dwt.  in  ibe  tiX\iags.—Sefi<irt,  April  6,  1900.  llie  Author 
wu  sutBequenUy  inrormed,  on  vhat  he  believes  to  he  good  aulhorily,  that  eitractionx 
of  70  pet  cent,  were  {;<"•  =><  'be  expense,  however,  ol  ■  bi^jh  cooiu.npiion  of  cyanide. 
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which  it  was  proposed  to  employ.  The  coat  of  treatment,  however, 
even  if  modified,  would,  it  was  feared,  always  be  heavy ;  the  figure 
of  30J.  a  ton  being  mentioned  as  a  probable  minimum. 

During  the  year  ending  March  ^r,  1901,  several  changes  were 
made ;  the  arches  of  the  Ropp  furnaces  were  lowered,  and  the  fire- 
boxes made  smaller,  which  it  was  estimated  would  effect  a  saving 
of  some  25  per  cent,  in  fuel;  and  the  use  of  push-conveyors  and 
distributing  tanks,  in  place  of  the  former  cooling  arrangement,  was 
expected  to  result  in  a  further  economy. 

As  the  result  of  experiments  (referred  to  in  the  Company's 
Annual  Report,  March  31,  1901),  amalgamating  and  filter-pressing 
plant  was  put  in,  consisting  of  ten  5 -feet  grinding-pans  (Wheeler 
type),  five  settlers,  settling-vats,  six  agitating  vats  (18  feet  in 
diameter  by  5  feet  deep),  plunger  tailings-pumps,  montejus,  and 
four  Dehne  filter-presses,  each  of  which  is  able  to  handle  a  charge 
of  about  4^  tons  of  slime.  The  mill  was  extended,  and  the  second 
half  was  built,  in  1901-1902. 

The  altered  method  of  treatment  these  changes  involved  may 
be  gathered  from  Mr.  Rob.  Alien's  description  of  the  first  half  of 
the  works  (which  were  under  construction),  from  which  it  appears 
that  the  ore  was  delivered  at  the  top  of  the  feed-floor,  dumped  upon 
four  grizzlies  with  2-inch  spaces  between  the  bars,  and  the  coarser 
portion  was  broken  down  in  four  No.  C.  Comet  crushers,  the  product 
of  which,  together  with  the  fines  from  the  screens,  was  distributed 
between  two  bins  of  200  tons  capacity  each,  and  was  thence  fed  to 
four  sets  of  Roger  rolls  {36  inches  in  diameter)  by  automatic  feeders 
set  to  deliver  a  i-inch  product.  The  crushed  ore  then  passed  through 
four  Howell-White  revolving  dryers  (heated  by  means  of  the  waste 
gases  of  the  roasting  furnaces),  and  was  elevated  by  four  chain  and 
bucket  elevators  to  four  small  bins  which  delivered  it  through 
automatic  "grass-hopper"  feeders  to  ten  No.  5  Krupp  ball-mills 
having  a  capacity  of  about  22  tons  each  per  diem,  crushing  through 
a  3C)-niesh  wire  screen. 

The  pulverised  ore,  which  was  dischai^ed  with  screw-con- 
veyors, was  then  raised  by  four  belt  elevators  to  two  2cx>-ton  bins, 
from  which  it  was  delivered  by  screw-conveyors  to  the  head  of  four 
60-ton  Ropp  roasting- furnaces.  After  roasting,  the  ore  (which  was 
stated  to  contain  ■  25  per  cent,  of  insoluble  sulphur)  was  distributed 
by  a  couple  of  push-conveyors  to  20  grinding  and  amalgamating 
pans,  charged  with  mercurj',  into  which  the  ore  and  water  were 
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introduced  through  a  set  of  (20)  four-inch  diameter  shoots.  The 
overflow  from  the  pans,  consisting  of  fine  pulp,  passed  next  through 
ten  settlers,  so  as  to  thoroughly  slime  it,  and  collect  the  amalgam. 
Mr.  R,  Allen  remarked  in  this  connection  that  until  recently  there 
was  little  or  no  free  gold  in  the  raw  sulphide  ore. 

The  slimed  pulp,  escaping  from  the  settlers  through  two  launders, 
was  raised  to  two  large  35-feet  settling-vats  by  the  tailings- 
pumps,  and,  after  settlement,  the  supernatant  liquors  which  contain 
cyanicides  were  drawn  off.  The  "  pulp  "  thus  thickened  then  passed 
through  bottom-dischai^e  valves  into  twelve  agitating-vats  {each 
holding  about  lOO  tons  of  slime),  fitted  with  suspended  paddle- 
agitators,  and,  after  about  sixteen  hours'  agitation  with  cyanide 
solution,  it  was  delivered  to  four  montejus,  which  served  to  fill 
eight  Dehne  filter-presses.  The  gold  solution  from  these  presses 
was  clarified  before  going  through  a  set  of  six  extractor-boxes,  by 
passing  through  a  small  auxiliary  Dehne  press  and  intermediate 
solution  tank  ;  whilst  the  residues  from  the  presses  were  trucked 
to  the  dump. 

From  April  1900  to  March  1901  inclusive,  the  treatment  of 
35,524  tons  of  ore,  mostly  sulphide  (including,' however,  loSo  tons 
of  oxidised  ore)  yielded  29,912  oz.,  an  average  of  17  dwt.  per  ton. 

The  tailings  assayed  S  dwt,  and  the  extraction  amounted  to 
67*5  per  cent,"  whilst  the  milling  costs  for  the  same  period  were 
as  follows : — 

i  t.  d. 
Managelnent  uid  wage*  .  .  30,175  '^  "* 
Stores,  cyanide,  coal,  firewood,^ 


Tolal       .         .         61.353    4    6  =  35^.7*498^  pei  ton. 

During  the  year  ending  March  31st,  \()02,  the  total  cost  of 
treating  7558  tons  of  sulphide  ore  by  the  percolation  process  (in 
the  old  half  of  the  mill)  came  to  l6,i01<^  4r*  2<i,  representing  an 
average  cost  of  2/.  2j.  7*28<i  per  ton  ;  details  of  which  are  given 
in  the  supplementary  tables  at  the  end  of  this  chapter.  During 
this  same  period  it  appears  that  the  "  percolation  process "  was 
entirely  given  up  (the  vats  being  discarded),  and  the  grinding 
capacity  of  the  plant  was  increased  by  the  addition  of  (20)  extra 

•  More  recently,  in  va  anicle  in  ibe  Lendait  Mining  Jeumai  (October  13,  1901, 
p.  1368),  the  extraction  was  eslimated  al  abont  75  per  cenl.,  on  to  to  30-dwl.  ore. 
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pans,  and  the  agitating  vats  and  filter-presses,  required  to  com- 
plete the  second  half  of  the  mill  and  remodel  the  works  as  before 
described.  Besides  this  machinery,  however,  twelve  large  and 
eight  small  spitzkasten  were  put  in,  and  three  Wilfley  concen- 
trating tables,  and  some  further  modifications,  I  understand,  were 
made  in  the  original  design  with  a  view  to  deliver  the  ore  direct 
from  the  Comet  crushers  to  the  ball-mills  by  a  Robins'  belt- 
conveyor  ;  thus  doing  away  with  the  rolls,  dryers  and  elevators. 
After  the  ore  has  been  ground  in  the  pans  it  was  also  intended 
to  pass  the  pan-pulp  over  the  Wilfley  tables  and  elevate  the  tail- 
ings of  the  concentrators  by  an  air-Hft  to  the  spitzkasten  ;  the 
coarse  sands  eliminated  by  this  latter  apparatus  being  returned  to 
the  pans  ;  but  the  treatment  in  other  respects  appears  to  be  the 
same  as  described  on  pp.  304-305, 

During  the  year  ending  March  31st,  1902,  the  total  cost  of  the 
sulphide  ore  treatment,  dealing  with  33,826  tons  of  ore,  came  to 
SS.033/.  3j.  iO(£,  representing  an  average  cost  of  \l.  \2s.  (>■  4^. 
per  ton  ;  and  during  January,  February  and  March  from  5077  to 
5325  tons  were  dealt  with  monthly. 

Details  of  cost  are  given  in  the  supplementary  tables  at  the 
end  of  this  chapter.  The  Chairman  at  the  Annual  Meeting  last 
July,  mentioned  that  considerable  saving  was  anticipated  in  the 
cost  of  milling,  by  the  erection  of  a  Robins'  conveyor  and  firewood 
tramway,  which  will  deliver  the  firewood  to  the  works,  instead  of 
carting  it  up  the  hilL 

In  the  early  days  of  Kalgoorlie  a  patent  process  was  installed 
by  the  owners  of  the  patent  rights  at  the  Great  Boulder,  the  in- 
ventor of  which  ascribed*  its  non-success  to  the  machinery  which 
was  intended  to  take  the  place  of  filter-presses.  This  appears  to 
have  been  caused  by  the  foliated  character  of  the  particles  of  ore, 
which  made  it  pack,  so  that  the  slimes  required  some  ten  hours' 
leaching,  and  would  have  required  ten  hours  more  to  wash,  in 
spite  of  the  fact  he  mentions,  viz.  that  the  same  machine  treating 
Transvaal  and  other  slimes  handled  them  successfully  in  2\  hours 
to  4  hours. 

The  settling  qualities  of  the  slimes,  however,  appeared  to  be 
made  more  pronounced  by  roasting. 

It  is  always  easy,  of  course,  to  be  wise  after  the  event,  but 
whilst  the  various  early  disappointments  experienced  were  matters 

*  Financial  Timet,  Letter,  dated  Match  i,  1900. 
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for  much  regret,  it  must  be  recollected  that  practically  the  same 
general  method  of  treatment,  viz.  roasting,  and  ordinary  cyanida- 
tion  by  percolation  in  vats,  answers  admirably  with  certain  telluridei 
ores,  like  those  of  Cripple  Creek,  affording  an  excellent  illustration 
of  the  need  for  careful  preliminary  investigation  by  specialists 
before  embarking  on  the  treatment  of  a  new  ore  in  a  new  district ; 
which  should  serve  as  a  warning  to  business  people  not  to  attempt 
to  rush  matters  of  this  kind  too  rapidly. 

Notwithstanding  that  time  may  be  lost  in  getting  returns,  and 
considerable  expense  may  be  involved  in  making  laboratory  and 
working  tests,  more  haste  often  results  in  less  speed. 

Unfortunate  indeed  as  the  failure  of  the  vat-process  and  others 
that  were  proposed  (for  dealing  with  the  sulpho-telluride  ores)  was, 
it  gave  an  impetus  to  fresh  efforts,  which  have  resulted  in  the  appli- 
cation of  the  several  methods  now  employed,  which  give  vastly 
better  results. 

There  are  four  distinct  main  lines  of  treatment '  which  claim 
attention,  that  may  be  described  as — 

(i)  The  dry-crushing  and  roasting,  amalgamation  and  ordinary 
cyanide  method,  after  removal  of  the  soluble  salts  by  double  filter- 
pressing  or  otherwise,  and  zinc  precipitation,  which  is  generally 
known  as  the  Boulder  Main  Reef  process.  This  is,  more  or  less, 
the  system  already  described  on  pp.  304-306,  adopted  in  the  new 
sulphide  plant  at  the  AsscKiated  Gold  Mines  ;  double  filter-pressing 
being  now  usually  dispensed  with. 

(2)  The  wet-crushing  and  concentration,  bromo-cyanide  and 
filter-press  method,  which  is  applicable  to  raw  ores,  when  slimed, 
and  is  known  as  the  Diehl  process. 

(3)  The  dry-crushing,  roasting,  and  combined  amalgamation 
and  cyanide  method,  with  electrical  precipitation,  known  as  the 
Riecken  process. 

(4)  The  wet-crushing,  amalgamation,  and  concentration  method 
followed  by  separate  treatment  of  the  .sands  and  slimes  contained 
in  the  tailings  with  ordinary  cyanide,  the  former  in  vats  and  the 
latter  in  presses,  known  as  the  Ivanhoe  process. 

The  relative  efficiency  of  these  four  methods  of  treatment  from 
a  commercial  standpoint  can,  of  course,  only  be  decided  by  actual ' 
working  results,  on  a  large  scale,  with  different  ores,  extending 
over  a  considerable  period  of  time ;  and  all  that  can  be  said  at 
present,  is  that  three  at  least  of  them  seem  to  possess  certiun. 
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advantages  which  tend  tu  more  or  less  counterbalance  one  another, 
and  it  may  be  that  more  than  one  will  be  found  to  fill  a  particular 
sphere  of  its  own.  Trials  on  a  working-scale  place  the  metallurgical 
success  of  all  four  processes,  practically  speaking,  beyond  question  : 
their  ability  to  extract  a  large  percentage  of  the  gold,  which  the 
sulpho-telluride  ores  carry,  having  been  demonstrated. 

The  General  Prwciplts  on  which  Methods  of  Sulpko-Telluride 
Treatment  are  based. 

Mr,  H.  Knutsen  has  pointed  out*  that  in  the  Kalgoorlie  sulpho- 
telluride  ores  "  the  slimes  in  all  cases  are  richer  in  gold  than  the 
sands,"  a  fact  generally  rect^nised,  but  which  is  of  importance  to 
bear  in  mind  in  connection  with  their  treatment  He  adds : — "  In 
most  cases  less  than  20  per  cent,  of  the  total  gold  is  contained  in 
the  sands ;"  and  he  gives  t  the  following  interesting  table,  which 
shows  the  distribution  of  the  gold  in  these  ores,  the  gold  being 
partly  "  free,"  but  the  greater  portion  "  combined  "  in  tellurides  and 
sulphides. 
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Mr.  Knutsen  likewise  gives  the  following  analyses  of  bulk 
samples  from  a  number  of  the  principal  mines  on  the  field,  with 
the  accompanying  explanatory  remarks  upon  the  method  of  esti- 
mation he  adopted  : — 

•  •  Tile  Mehl  Process,'  by  H.  Knutsen,  Trans.  Init.  af  Mimng  and  MctaliHrgy, 
fif.  til.,  fbotoote.  p.  291.  t  ^id. 
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"These  samples  represent  parcels  of  ore  varying  from  3  to 
more  than  200  tons.  They  were  treated  with  very  dilute  hydro- 
chloric acid,  and  determination  was  made  of  the  carbonic  acid, 
insolubles,  and  of  protoxide  of  iron.  The  lime  was,  in  a  few 
instances,  directly  estimated ;  but  as  a  rule  I  calculated  the  COt 
necessary  to  form  FeCOj.  This  COj  was  then  deducted  from  the 
total  COa.  I  then  calculated  the  CaO  necessary  to  form  CaCO> 
with  the  rest  of  the  COi.  In  aH  these  ores  there  is  more  or  less 
magnesia  as  MgCOg,  but  the  percentage  is  small  in  comparison 
with  the  lime. 

"  To  simplify  matters,  I  have  calculated  it  all  as  CaCOg." 

Analysss  of  Kalgooklia  Okee. 
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Mr.  C.  W.  Merrill  in  a  paper  on  'The  Present  Limitations 
of  the  Cyanide  Process,'  long  ago  pointed  out*  that  "ores  contain- 
ing coarse  gold,  which  is  not  easily  soluble  in  potassium  cyanide, 

•  Tr«H*.  Am.  Intl.  ^Mining  Engineers,  vol.  xxv. 
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<«hould  always  have  that  portion  of  the  gold  extracted  by  amalga- 
jnation  or  concmtraliati "  before  leaching," — features  which  we  find 
embodied,  in  the  one  case,  in  the  Boulder  Main  Reef  and  Riecken, 
-in  the  other,  in  the  Dit^hl  and  Ivanhoe  processes. 

I  may  also  call  attention  to  several  interesting  points  that 
.bear  on  the  question  of  sulphide  treatment  which  were  dealt  with 
.in  an' article  t  by  Mr.  R.  Recknagel.  He  mentioned,  for  example, 
that  in  some  experiments  he  made  with  mixed  telluride  and 
sulphide  ores  of  Boulder  County,  Colorado,  the  results  seemed  to 
prove  that  "some  tellurides}  containing  gold  do  not  yield  their 
gold  readily  to  cyanide,"  although  others  have  been  proved  to  do 
so ;  whilst  he  further  observed  that  certain  classes  of  sulphides 
are  acted  upon  by  cyanide  in  different  degrees,  altogether  apart 
"from  "the  question  of  the  influence  which  the  common  admixCiire 
of  minerals  one  with  another  {for  instance  zinc-blende,  containing 
as  it  frequently  does,.  FeS  in  its  pure  natural  state)  may  exercise 
upon  their  solubility.  Thus,  for  instance,  he  observed  that  mar- 
casite,  FeS»  which  crystallises  in  the  rhombic  system,  is  attacked  by 
cyanide  to  a  considerable  degree,  whereas  pyrites,  FeSi  (the  natural 
bi-sulphide),  which  is  isometric,  is  not  at  all  or  very  little  acted  on.§ 

The  conclusion  the  writer  drew  is  that  neither  the  same 
mineralogical  character,  nor  the  same  chemical  composition,  as 
proved  by  analysis,  can  be  taken  as  a  safe  guide  to  foretell  the 
actual  behaviour  of  natural  sulphides  towards  cyanide  solutions, 
and  only  actual  experiment  with  any  particular  ore  will  set  the 
question  at  rest.  He  also  called  attention  to  the  fact  that  the  gold 
in  the  pyrites  may  in  some  cases  be  present  as  an  insoluble  natural 
sulphide  or  silicate ;  but  in  others  that  a  finer  puherisation  ||  might 
give  a  better  extraction  (one  of  the  main  features  of  the  Diehl 
process) ;  on  the  other  hand,  for  different  reasons,  too  fine  a  state 
of  division  may  have  the  same  effect  as.  a  too  coarse  one,  viz.  a 
lew  extraction,  and  particles  of  gold  may  still  remain  inclo:;ed  in 
the  gangue  even  after  it  is  pulverised  to  the  greatest  practical 
degree  of  fineness. 

*  The  italiis  aie  Ihe  Aulhor's. 

t  'CynDiding  Sulphide  Gold  Ot»,'  Enginiering  an4  Afimng  yeuntal,  November  13, 
1897.  '  }  i'idt  bMnwte,  p.  3^7- 

{  An  nplination  of  tfais  singaUr  circunnl&iice  is  perhaps  afTorded  by  the  inTe(tiB«- 
lions  of  Mr.  A.  P.  Brown,'  in  the  Proefdhigs  of  thi  American  Fhihiophhal  Sxifty, 
Vhllft^elphiai  1894,  toI.  miiL  pp.  335-243,  to  which  yii.  Becltnieel  refers. 

n  The  ilalics  are  the  Author's. 
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Mr.  Recknagel  strongly  advocated  roasting  on  the  following 
grounds  : — (1)  An  alteration  of  harmful  compounds  into  indifferent 
ones ;  *  (2)  the  removal  of  sulphur,  by  which  the  ore  grains  become 
porous,  and  with  it  the  fine  gold  and  silver  particles  are  rendered 
accessible  to  solvents  ;  and  (3)  a  certain  amount  of  "  fritting  "  of 
the  fine  ore  grains,  which  accelerates  leaching. 

If  the  ore  is  not  roasted  "  dead,"  the  effects  of  course  will  be  diC- 
ferent,  as  instead  of  insoluble  oxides,  a  mixture  of  sulphates  and 
oxides,  as  well  as  undecomposed  sulphides,  is  producec^  and  a  less 
porous  product 

If  all  sulphides  could  be  transformed  into  sulphates  at  the  same 
time,  as  the  soluble  sulphates  could  be  removed  by  a  simple  water- 
washing  preparatory  to  cyanidation,  the  considerable  gain  in  time 
and  saving  in  fuel  over  a  "  dead  roast,"  would,  Mr.  Recknagel  con- 
^dered,  be  in  favour  of  such  a  method. 

The  fact  is,  however,  that  (apart  from  the  impos^btlity  of  re^ 
moving  the  more  insoluble  metallic  sulphates  by  washing),  in 
roasting  sulphide  ores,  the  complete  conversion  of  sulphides  into 
sulphates  is  an  ideal  state  never  reached,  and  the  nearest  approach 
to  it  is  only  gained  in  the  course  of  a  thorough  "dead-roast."  If 
roasting  be  interrupted  when  the  bulk  of  the  sulphides  have  been 
turned  into  sulphates,  usually  quite  an  appreciable  amount  of  sul- 
phides in  the  finest  state  of  division,  enclosed  by  gangue,  or  sul- 
phates and  oxides,  remain  unaltered  ;  and  in  the  subsequent  leach- 
ing by  cyanide  it  will  be  found  not  only  that  the  consumption  of 
cyanide  will  be  higher,  but  also  that  the  percentage  of  extraction 
vrill  not  be  as  high,  as  with  "  dead-roasted"  ore ;  consequently  it  is 
of  the  utmost  importance  for  the  ore  to  be  roasted  as  "  sweet "  as 
possible ;  whilst  certain  cyanicides  can  be  and  are  washed  out 
previous  to  cyanidation)  in  the  Boulder  Main  Reef  process. 

The  .cyaniding  of  (roasted)  telluride  ores  in  Colorado  was  very 
fiilly  discussed  and  described  in  an  interesting  article  by  Mr.  Ph. 
Aigall,  M.  Inst  M.M.,  in  The  Mineral  Industry,  vol,  vi.  The  pre- 
^nce  of  zinc  in  the  mill  solutions  (so  long  at  any  rate  as  it  does 
not  exceed  0*55  per  centf  in  the  strong  solution),  although  it 
lowers  the  extraction  slightly,  is,  he  points  out,  of  benefit  in 
reducing  the  consumption  of  cyanide  ;  and  he  concludes  from  this, 

f  UDfertonatelf,  in  practice,  thii  mnlt  is  not  in  i 
t  A  nnmber  of  te«t*  nuide  by  Mi.  Argall,  ex(« 
average  to  be  aboDt  o'3i3  pel  cent.   - 
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that  the  zinc  is  lai^ely  precipitated  in  the  chai^^  of  fresh  ore  in 

the  lixiviation  tanks,  rendering  part  of  the  cyanide  combined  with 

the  zinc  available  for  dissolving  gold. 

Summarising  his  views,  he  expressed  the  opinion  : — 

(i)  That  mill-solutions  will  give  equally  as  good  extraction  as 

purer  solutions,  but  they  require  some  lO  per  cent.  longer  contact 

with  the  ore. 

(2)  That  mill-solutions  will  give  the  same  extraction  as  pure 
solutions,  with  about  25  per  cent  less  consumption  of  cyanide. 

(3)  That  the  lower  consumption  is  probably  in  part  due  to  the 
mixed  cyanides  in  mill-solutions  being  less  sensitive  to  cyanicidea ; 
and  partly  to  the  potassium,  sodium,  and  other  cyanides  regenerated 
after  the  zinc  is  precipitated  in  the  ore. 

Mr.  Alkali  also  points  out  that  solutions  rich  in  gold  pre- 
cipitate far  more  readily  than  weak  ones,  other  things  being  equal. 
When  the  solutions  cany  over  1-5  oz.  per  ton,  the  gold  on  the 
shavings  presents  a  yellow  colour ;  and  if  the  solution  contains 
over  2  oz.,  the  shavings  in  the  first  compartment  of  the  zinc-boxeS 
assume  a  golden-yellow  tint,  fading  off  in  the  following  ones  to 
the  usual  black-coloured  deposit  that  collects  on  the  ziac  in  ordinary 
precipitation  from  poor  solutions. 

The  essential  conditions  for  good  precipitation,  Mr.  Argall 
adds,  are  :  1st,  Clear  solutions  ;  2nd,  moderately  alkaline  solutions 
containing  free  cyanide  of  potassium ;  and  3rd,  boxes  properly 
packed  *  with  zinc,  and  frequently  cleaned  up  (cleaning  tbem  up 
completely  once  a  week),  so  as  to  keep-them  free  from 'deposits 
of  lime,  manganese,  and  other  substances  that  are  apt  to  deposit 
on  them.  Lime  judiciously  used  helps  to  keep  the  solutions 
free  from  accumulations  of  metallic  salts,  whilst  matter  in  suspen- 
sion can  be  got  rid  of  by  the  use  of  settling-tanks,  from  which  the 
solutions  can  be  conveniently  distributed  to  the  zinc-boxes. 

Early  experiments  with  amalgamation,  concentration,  and 
cyanide  treatment  on  Kalgoorlie  ores  do  not  appear  to  have  met 
with  much  success ;  for  example,  in  an  interesting  article  in  the 
London  Mining  Journal  of  October  S,  1901,  on  Telluride  Treatment 

*  "Wlien  properly  pecked  the  shavisgi  will  occupy  but  3  per  coiL  of  the  ipwc, 
kanng  97  per  cent,  inteistitial  ipftce  for  postage  of  solution,"  pmnded  the  ib«Tiiigt  ue 
pieiKd  doVQ  cTcnlj  with  lome  little  force.  To  an  experienced  eye  the  erolntion  of 
hydrogen  from  the  lolutiou  passing  through  the  boie*  deuly  indicates  the  condition  of 
the  precipitation,  but  continuous  samplei  of  the  solutions  entering  atid  leaving  the 
boxes  should  be  taken  and  assayed  everr  13  hont».  The  shavings  ihonld  be  in  at  fine 
thread}  as  possible  baring  sufficient  substance  to  hold  together,  and  not  break  in  handling. 
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at  Kalgoorlie,  it  is  stated  that  Mr.  Sciymgour,  a  local  chemist, 
made,  amongst  hundreds  of  others,  the  following  tests : — 


T<«.      "  ™. 

1 

Fston 

'     Ptr- 

s 

Vsloe. 

R-«».  T^  Js;. 

^^     s»™i. 

■  L..,.„. 

d-l. 

«.  d«..  gr 

01.d«l.|r.  cn.durL  gr. 

I    I,..    6     !W 

S 

S-»9 

617 

31     I    6 

5  17    0     3    9"      S7-70 

3    1  7  i<    6    1600 

9 

S-95 

4-54 

43    *    0 

S    7    0     3  13  la  ,   So-9' 

3    1  7  II    6     900; 

7 

4'6l 

9-74 

19  II  11 

5    3  .3     1  .1  13     49-76 

4    1  7  11    6  ,i6c»l 

" 

7-18 

7-17  |a8  10    0 

4  18  iz     3  14    0     4S'i8 

The  average  total  extraction  of  the  four  samples  was : — 

Pucen. 
Amalgamatitai  (to  dwt.  ■aTe<I)  ....  6*67 

ConcentnUkm ai'ao 

Cjruiide,  Ml  extiaction  of  50  per  cent,  from  at  the  moM|      38.70 
8a  per  cenL  of  original  wuBhl  of  ore  m  tailings     ./      *"  V* 

Total  eitraction     .         .         57'S7 

In  the  above  tests,  6  days'  treatment  with  cyanide  was  given, 

I  may  preface  a  brief  description  of  the  four  processes  which 
are  at  present  being  applied  to  the  treatment  of  the  Kalgoorlie 
ores  oo  a  working  scale  by  a  few  further  particulars  of  what  has 
been  more  recently  done  in  an  experimental  line,  which  wtU  serve 
to  explain  the  principal  mechanical  and  chemical  difficulties  that 
metallurgists  have  had  to  face,  and  how  they  have  been  sur- 
mounted. 

One  of  the  chief  mechanical  troubles  referred  to  results  from 
the  character  of  the  ore,  and  to  illustrate  this  it  may  be  mentioned 
that  a  sample  of  sulphide  ore,*  when  ground  in  a  ball-mill  to  pass 
a  50-mesh  sieve,  gave  22  per  cent  retained  on  a  40-mesh,  and  49 
per  cent,  which  passed  a  90-mesh  screen ;  when  ground  to  pass 
through  a  60-mesh  sieve,  24  per  cent,  was  retained  on  a  90-mesh, 
the  balance  passing  through ;  the  finest  portions  were  found  to 
assay  highest,  which  is  not  a  matter  for  surprise. 

It  may  consequently  be  inferred,  from  these  and  other  similar 
tests,  that  owing  to  the  concentration  of  the  extremely  friable 
tellurides  in  that  portion  of  the  sample  which  will  pass  a  (jo-mesh 
Steve,  when  telluride  ores  are  dry<rushed  fine,  the  "  dry  slimes  " 

■  'Notes  on  the  Treatment  of  Kalgooclie  Sul[dio-TeUimdeOrea,' bf  Alfred  Junet, 
Tram.  ImU  Mimng  and  MOallurxy,  toL  viii. 
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(dtists)  will  be  richer  than  the  "  sands,"  and  will  consequently  re* 
quire  extra  careful  handling  to  avoid  loss. 

An  amalgamation  test  made  by  Mr.  Alfred  James  on  raw,  finely- 
ground  sulpho-telluride  ore  (slightly  oxidised),  containing  about 
12  per  cent  of  pyrites  and  0-03  per  cent  of  tellurium,  showed  that 
only  20  per  cent,  of  the  gold  was  recoverable  by  ordinary  amal- 
gamation ;  but  by  roasting  the  ore  and  treatment  in  pans,  the 
extraction  was  increased  to  44  per  cent,  preliminary  treatment 
with  strong  alkali,  and  also  with  nitric  acid  (with  a  view  to  dissolve 
any  tellurous  acid  coating  from  the  gold)  failing  to  improve  the 
extraction.  Mr.  H.  L.  Sulman  has  remarked,"  however,  that  any 
such  coating  would  probably  consist  of  tellurite  of  iron,  and  if 
treated  with  hydrochloric  acid  experimentally,  it  could  be  readily 
rendered  amalgamable. 

In  consequence  of  the  volatile  nature  of  the  tellurium  minerals, 
it  seems  surprising  (even  assuming  there  \&  no  salt  present)  that  a 
number  of  experiments  carried  out  by  Mr.  James  showed  that 
roasting  o)uId  be  conducted  with  practically  no  loss  of  gold,  except 
what  is  mechanically  carried  away  in  the  dust  (amounting,  I  believe, 
sometimes  to  as  much  as  2  per  cent,  of  the  ore,  or  more)  t  which 
is  caught  in  the  dust-chambers ;  this  fact  is,  however,  confirmed 
by  the  experience  of  Mr.  Ph.  Ai^atl.  t  The  loss  in  weight  due  to 
roasting  was  found  in  some  tests  made  by  Mr,  Alfred  James  to 
amount  to  about  4  per  cent,  §  but  is  liable  to  vary  with  the  nature 
of  the  ore.  Ordinary  mechanical  concentration  presents  the  diffi- 
cult of  saving  the  rich,  finely-divided,  flaky  tellurides,  that  are 
carried  into  the  tailings,  and  this  necessitates  their  subsequent  treat- 
ment by  an  auxiliary  proce5s,Q  to  recover  the  gold  in  the  mineral 
that  escapes  ;  but  where  the  tailings  are  subjected  to  further  treat- 

*  Discimion,  ep.  lit. 

t  Mr.  T.  A.  Rickacd  poinU  onl  )'  The  TeUtuide  Ores  of  Cripple  Creek  ind  Kal- 
goorlie,'  Tram.  Am.  Inst,  of  Mining  Engiiutri,  vol.  xw-),  Ibat  in  roastinB  these  orei 
the  teltnrium  is  nnt  driven  olf  with  the  sulphur,  hut  u  uxsa  ai  it  hasvolalilisedit  becomes 
oxidued  to  TeO,  snd  is  Rxed  in  Ihc  igttsleil  charge  by  combjuing  with  the  oxide  of  iron, 
due  to  Ihe  calciiuUion  of  (he  pyrites  In  the  ore,  tellorile  of  iron  being  formed.  Whit 
tellsiium  does  escape  is  carried  away  mechanically  by  (he  disfl,  and  is  found  in  the  floe 
dust.  Laboratoiy  te«tl  niade  by  Ur.  Richard  Fearce  showed  (hat  a(  much  as  96*4  per 
cent,  of  the  tellnriam  remaioed  in  Cripple  Cicek  ore,  bDci  roasting. 

X  Of.  til. 

$  It  is  stated  that  the  lost  in  weight  by  roasting  at  Ihe  Great  Boulder  Main  Reef 
amounted  to  from  10  to  I3'5  per  cent.     Tht  Landen  Miniitg  Joitrna!,  Oct.  13,  1901. 

Hi.  Trewarlbajame*,  H.Inil.  M.M.,  has  staled,  that  at  Hannan's  Star  they  mic- 
ceeded  io  coaceotraling  upwards  of  40  per  cent,  of  the  tolnl  gold  contents  of  a  sulphide 
ore,  of  len  than  i  oi.  ralnc  per  ton,  into  4  per  cent,  of  the  original  bulk.  TroKs.  Init. 
vf  Mining  and  Mitnllurgy,  vol.  viii.  p.  501. 
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ment  (as  in  the  Diehl  process)  this  is  not  a  matter  of  serious 
moment  It  was  also  found  by  Mr  James  that  the  removal  of 
the  concentrates  (16  per  cent  of  which  carried  23  per  cent,  of 
the  total  gold)  did  not  render  the  tailings  any  more  readily 
amenable  to  ordinary  cyanide  treatment 

Ordinary  bottle-tests  which  Mr.  Alfred  James  made  on  raw  ore, 
employing  ordinary  cyanide,  sho\ved  an  extraction  of  60  to  77  per 
cent^  with  16J  hours'  agitation,  and  the  re«dues  of  the  60  per  cent, 
experiment,  when  roasted,  yielded  a  further  extraction  of  33  per 
cent. ;  total,  93  per  cent 

Sy  percolation  of  the  raw  ore  with  cyanide  solution,  and 
double  treatment  for  ten  days  and  seven  days  respectively,  81  per 
cent,  was  extracted  altogether,  but  at  the  cost  of  a  heavy  loss  of 
cyanide,  mainly  due  to  the  large  percentage  of  copper  (0*029  P^ 
cent)  and  iron  (0-04  per  cent)  taken  up  by  the  solution  ;  and  all 
Mr,  James'  experiments  went  to  show  that  fine  grinding  (to  pass  a 
sieveof  8100  holes  per  square  inch)  was  essential  to  success,  tc^ether 
with  subsequent  agitation,  or  intimate  contact  with  the  solution. 

The  deductions  drawn  by  Mr.  James  from  the%  experiments 
are: — 

(1)  *  "  That  agitation  of  the  finely-ground  raw  ores  with  ordi- 
nary cyanide  solutions  should  be  effective  for  ores  containing  even 
lai^e  quantities  of  sulphides,"  provided  they  carry  but  a  fractional 
percentage  of  tellurium,  and  of  a  value  of  i  oz.  of  gold  or  under,  as, 
with  ore  of  this  value,  high  percentage  extractions  are  not  of  such 
moment  as  low  working  costs. 

(2)  "  That  still  lower-grade  ores  could  be  profitably  treated  by 
percolation,  with  re-treatment,  provided  it  is  found  feasible  in 
practice  to  keep  the  cyanide  consumption,  due  to  the  copper  and 
iron,  at  a  low  point,  as,  for  instance,  by  the  use  of  dihite  solu- 
tions." This  was  aided  by  employing  the  system  (without  the 
air)  adopted  for  treating  the  South  African  spitz-concentrates 
which  contain  about  7  per  cent,  of  sulphides  ;  freshly  precipitated 
lead  salt  being  added  to  counteract  the  retarding  action  of  the 
soluble  sulphides  formed,  that  result  from  the  effect  of  the  alkaline 
solutions  on  the  pyrites  or  other  sulphides,  during  the  long  treat- 
ment necessary, 

A  further  set  of  experiments,  carried  out  by  Mr.  Alfred  James 

•  THi  coQcluiion  U  criticiMd,  p.  497,  Tram.  Init.  af  Mining  and  Meiatbitgy, 
foL  viii.,  but  the  eqccmi  of  Ihe  Iranhoe  proceu  would  seem  to  confiim  it,  En  i  lai^e 


„  Google 


3i6  Gold  Mining  and  Milling 

on  ores  containing  a  higher  percentage  of  tellurium,  went  to  prove 
that  the  results  obtained  depended  on  the  amount  of  gold-carrying 
telluride,  as  contrasted  with  the  iron  pyrites  present ;  and  also  on 
the  hardness  of  the  vein-material ;  whilst,  speaking  in  general,  they 
showed  that  sulpho-teliuride  ore  of  this  class  either  required  roast- 
ing, or  else  finer  grinding,  combined  with  the  employment  of  an 
"accelerator"  and  agitation. 

The  blowing  of  air  into  the  vats  between  the  filter-bottoms  did 
not  appear  to  hasten  or  improve  the  extraction,  on  either  raw  or 
coasted  ores,  provided  the  solutions  were  circulated  with  ordinary 
rapidity ;.  the  advantages  claimed  for  the  Kalgurli  method  of 
treatment  (see  note,  p.  357)  are  of  interest  in  this  connection. 

If  the  method  adopted  for  the  extraction  of  the  gold  from  the 
richer  class  of  ores  be  that  of  employing  an  "  accelerator  "  (in  the 
shape  of,  say,  bromo-cyanide),  the  chief  point  necessary  to  secure 
success,  so  far  as  extraction  is  concerned,  seems  to  be  fine  pre- 
liminaiy  grinding,  as  Mr.  James  observes  that  in  comparative  trials 
on  raw  telluride  ore  ground  to  pass  a  sieve  of  14,400  boles  to  the 
square  inch  (120  mesh)"  bromo-cyanide  (0*4  cyanide  solution  -{- 
0"04  bromo-cyanide)  extracted  91 "  5  per  cent,  in  a  treatment  of  33 
hours,  the  final  residues  assaying  1 1  dwt. ;  t  whilst  witti  ore  ground 
to  pass  a  sieve  of  only  1600  holes  per  square  inch,  bromo-cyanide 
failed,  with  similar  treatment,  to  extract  more  than  78  per  cent. 

It  would  appear  from  Mr.  James'  experiments  that  the  con- 
sumption of  cyanide  is  rather  less  with  bromo-cyanide  than  in 
the  longer  treatment  with  simple  cyanide,  an  advantage  which  is, 
unfortunately,  more  or  less  neutralised  by  the  extra  cost  of  bromo- 
cyanide.  He  remarked,  however,  "  It  is  evident  from  the  above 
results  that  even  without  the  separate  treatment  of  the  concen- 
trates, Dr.  Diehl  may  be  able,  with  a  very  fine  grinding  (120  mesh) 
and  agitation  with  bromo-cyanide,  to  obtain  the  90  per  cent  extrac- 
tion on  this  ore  (Hannan's  Star),  as  claimed  by  him."  This  claim 
has  since  been  practically  demonstrated. 

There  is,  however,  the  important  question  yet  to  be  settled, 
whether  the  Diehl  process  can  reduce  the  tailings  of  high-grade 
ores  carrying  tellurides  in  con«derable  quantity,  in  all  cases,  to  as 


lion  to  150  mesh  is  sometimes  necessaiy  for  direct  extraction.     Trans,  Irut,  af  Mining 
and  Mtlallum,  vol.  T[ii.  p.  512. 

t  The  residues  conld  not  be  lowered  ftuther  in  T«lne,  and  treating  ■  similar  sumjile 
of  the  Munc  ore  with  plain  cyanide,  aAer  foor  treatments  of  23  bonis  each,  an  entrution 
of  68  per  cent,  only  was  got,  the  residue*  still  cauyiog  over  a  oz. 
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low  a  point  as  those  yielded  by  the  Boulder  Main  Reef  process," 
at  a  cheaper  cost.  This,  as  Mr.  James  points  out,  with  low-grade 
ores  of  under  i  oz.  in  value,  is  not  of  considerable  n)oinent,t  but 
becomes  of  importance  with  richer  ones. 

This  factor  in  the  question  explains  why  concentration  would 
appear  to  be  an  important  feature  of  the  process  proposed  by  Dt. 
Diehl,  since  apart  from  other  reasons  calling  for  it,  the  elimination 
of  the  rich  and  refractory  long-treatment  product  (which  can  be 
set  aside  to  be  dealt  with  by  some  suitable  method)  would  certainly 
seem  likely  to  simplify  the  problem  of  treating  the  remaining  pulp 
by  this  method. 

It  is  true  that  great  difficulties  have  hitherto  been  met  with  in 
concentrating  tellurides  in  many  cases.  For  example,  it  is  stated  in 
the  article  in  the  London  Mining  Journal  of  October  5,  1901,  pre- 
viously quoted,  that  the  milling  of  telluride  ores  in  Boulder  County, 
Colorado,  in  the  early  seventies,  was  not  a  success.  At  the 
Savanne  mine,  Jackfish  Lake,  Western  Ontario,  Canada,  not  more 
than  30  per  cent,  of  the  value  was  obt^ned  from  the  lo-stamp 
mill ;  whilst  at  the  Oalton  Mine,  Utah,  less  than  50  per  cent,  of 
the  value  was  recovered.  The  Peck  mill  erected  on  Stratton's 
Independence,  Victor,  Colorado,  was  specially  designed,  and  erected 
at  a  cost  of  20,000/.,  to  concentrate  telluride  ores,  but  it  only  worked 
long  enough  to  prove  its  uselessness. 

These  facts  do  not,  however,  prove  that,  under  other  and  more 
favourable  conditions, "  mechanical  concentration  "  may  not  be  suc- 
cessfully applied  in  certain  cases  (as  at  Kalgoorlie)  as  an  atixiliary 
method  for  the  treatment  of  telluride  ores  J  ;  indeed,  it  is  now  being 
so  employed  at  Kalgoorlie,  but  everything  depends,  of  course,  on 
the  method  adopted  and  the  class  of  concentrating  machinery 
employed. 

The  use  of  bromo-cyanide,  judging  from  Mr.  Alfred  James' 
experiments,  in  some  cases  at  any  rate,  does  not  seem  to  have  a 
proportionately  accelerating  effect  in  dissolving  out  the  gold  iif 
these  Kalgoorlie  ores  tvken  roasted,  as  compared  with  its  action  on 

*  Mr.  H.  L.  Solmin  suggested  ibftt  the  high  residues  in  some  of  Mr.  Junes'  labota- 
toiy  experiments  might  have  been  due  to  Ibe  ore  not  being  ground  suflicientlj  fine ; 
but  thete  mtist  necessaiily  be  a  limit  of  tine  erinding  m  s  largt  teale,  on  account  of  the 
cxpens:,  and  the  diScui^  of  "  acreenii^;  it,''    Discucsion,  o^.  eU.,  p.  511. 

t  Oiring  to  the  comparaliTeljr  high  cost  of  bromo-cranide  there  is  neceuaril;  a  limli 
to  the  use  of  this  reagent  with  ore  lielow  a  certain  grade. 

X  Mr.  Alfred  Jamei  remarks  in  Cyanide  Praetiee,  3rd  edition  (1903),  "  Concentration 
has  most  nnmislMaliljr  loomed  proaiinently  forwanl  doling  the  put  fear,  as  a  faanr 
bulking  lately  in  future  cyanide  practice,"  Op)  17. 
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the  unroasted  telluride  ores,  its  effects  upon  which  appear,  in  this 
respect,  very  strongly  marked." 

It  is  this  special  feature  which  appears  to  be  the  strong  point 
about  the  Diehl  process,  as  by  avoiding  dry  crushing  and  roasting, 
expenses  are  saved  which  form  very  heavy  items  in  the  working 
costs  of  the  Boulder  Main  Reef  process  and  other  proposed  methods 
of  treatment,  whilst  it  opens  the  possibility  of  utilising  "wet 
stamps  "  (which  have  generally  proved  to  be  the  most  economical 
kind  of  crushing  machinery)  ;  and  thus  saving  some  of  the  batteries, 
which  have  cost  a  lot  of  money,  from  ultimately  becoming  valueless. 
In  fact,  as  a  rule,  a  wet  process  is,  for  many  reasons,  preferable  to 
a  dry  process. 

A  difficulty,  however,  that  may  arise,  to  which  Mr.  A.  C.  Claudet 
has  drawn  attention.t  is  occasioned  by  the  fact  that  if  the  telluride 
of  gold  be  attacked  by  cyanide,  tellurium  will  go  into  solution  with 
the  gold  and  may  cause  trouble  in  refining  the  zinc  precipitate. 
Mr.  H,  L.  Sulman  expressed  the  belief,}  however,  that  this  is  more 
or  less  overcome  in  practice,  and  that  the  tellurium  in  solution  as  a 
soluble  tellurite  can  be  gradually  eliminated  from  the  working 
solution,  as  an  insoluble  compound,  probably  as  tellurite  of  iron. 

The  advocates  of  dry  crushing  and  roasting,  it  must  further  be 
pointed  out,  have  demonstrated  that  they  are  able,  with  the  Boulder 
Main  Reef  process,  to  deal  successfully  (possibly,  in  some  instances, 
better  than  by  any  other  system)  with  the  richer  sulpho-telluride 
ores,  using  merely  ordinary  cyanide,  with  pan-grinding  and  amalga- 
mation ;  the  need  for  employing  this  latter  auxiliary  depending  on 
the  nature  of  the  gold  in  the  roasted  material. 

Owing  to  the  fact  that  the  ores  after  roasting  contain  a  large 
percentage  of  soluble  salts,  which  involve  a  wasteful  consumption 
of  cyanide  in  the  Boulder  Main  Reef  process,  it  was  found  neces- 
sary, before  cyaniding  them,  to  wash  out  these  objectionable  com- 
pounds as  far  as  possible  by  pan-grinding  and  filter-pressing  the 
roasted  ore,  as  a  preliminary  step ;  but  spitzkasten  have  now 
generally  taken  the  place  of  presses. 

•  Mr.  Ph.  Aigall,  M.  Inst.  M.M.,  sUtes  that  be  has  fbnnd  the  odaverile  and  syl* 
vanit«  in  the  Cripple  Creek  ores  are  almost  insoluble  in  0-5  ordinary  cyanide  solutions 
\Thc  Mintral Indiuiry,  vol.  ti.)  ;  and  Mr.  Sulman  coofinns  this  (Trans.  Jnsl.  0/ Mining 
and  MrtalluTgy,ytA.  Titi.  p.  498),  but  remarks  Chat  the  former  mineral  is  easily  soluble  in 
bromo-cyanide ;  Mr.  Henry  Cassel  has  aUo  staled  that  experiments  made  by  him  show 
that  sylvanite  will  not  go  into  solution,  unless  decompc^ed  by  roasting,  Ofi.  di.,  dis- 
cussion, p.  508;  Mr.  H.  KnuUen  states  that  coloradoite  is  easily  attacked  by  KCy, 
Inil  so  lar  as  I  am  aware,  no  experiments  have  yet  bem  pnUiahed  showing  to  what 
extent  other  tellurides  are  relatively  acted  upon  by  bromo-cyanide. 

t  Mr.  James'  paper,  Op.  at.,  discunioiy,  p.  507.  %  Ibid, 
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Mr.  Alfred  James  found  by  experiment  that  after  roasting  no 
benefit  was  gained,  but  rather  the  reverse,  by  extending  the  leach- 
ing time  beyond  a  certain  limit,  although  the  tailings  still  carried 
high  values  ;  and  this  led  him  to  the  conclusion  that  practically  the 
whole  of  the  gold  that  had  not  been  extracted  was  in  the  coarse 
sand  residues  ;  consequently,  as  might  be  anticipated,  by  grinding 
these  residues  finer,  a  much. better  and  quicker  extraction  was 
obtained,  and  Mr.  James  mentions  a  case  in  which  the  "  slimes  " 
of  a  6-oz.  ore,  after  being  subjected  to  only  three  days'  cyanide 
treatment,  were  reduced  to  under  2  dwt. 

He  goes  on  to  add :  "  It  was  thus  clearly  shown  that,  given 
roasting  and  sliming,  even  rich  ores  could  be  readily  and  rapidly 
treated  (with  ordinary  cyanide),  provided  mechanical  means  were 
adopted  to  overcome  the  difficulty  of  leaching  a  mass  of  slimes." 
In  all  the  tests  he  made,  the  "agitation"  method,  it  may  be  re- 
marked, showed  much  higher  results  than  "  percolation  " ;  and  he 
describes  one  most  interesting  experiment,  viz.  the  treatment  of  a 
roasted  sample  of  ore,  which  gave  an  extraction  of  S8  per  cent  in 
16  hours  simply  by  agitation,  and  96  per  cent  when  the  treat- 
ment was  prolonged  to  41  hours.  The  residues  from  a  previous 
(raw)  agitation  test  when  roasted  and  ground  to  pass  a  gomesh 
sieve,  and  amalgamated,  yielded  19  per  cent.,  and  the  subsequent 
cyanide-treatment  of  the  pan  tailings  returned  71  per  cent,  addi- 
tional. The  final  residues  of  an  ore  which  originally  assayed  7  oz. 
were  thus  brought  down  to  2}  dwt.  As  already  remarked,  pan- 
grinding  forms  a  most  important  feature  of  the  Boulder  Main  Reef 
process.     Its  special  functions  are  : — 

1.  To  slime  any  coarse  particles  of  roasted  ore. 

2.  To  rescue  by  amalgamation  any  coarse  gold  (such  as  often 
"  sweats  "  or  "  blisters  "  out,  In  partially-fused  globules,"  in  roast- 
ing tellurides,t  if  the  furnace  temperature  rises  above  the  melting- 
point  of  tellurium),  which,  provided  proper  precautions  are  taken, 
is  readily  extracted  by  amalgiamation  and  is  unsuitable  to  cyanide 
treatment ;  it  being  most  important  (o  prevent  any  coarse  particles 
finding  their  way  into  the  filter-presses. 

3.  To  thoroughly  levigate  and  leach  out  the  abnormal  quantity 

*  Mi.  Alfred  Junes  points  out  that  K>tne  coarse  particles  of  gold  tre  recovered  fiom 
the  pons  with  the  mercury,  that  have  not  amalgamated  properly.  Tram.  Irul.  of  Mining 
and  Metalbirgy,  vol.  viii.  p.  509. 

t  Ores  containing  "  selenide  of  gold,"  like  the  ore  of  a  mine  in  Shoshone  County, 
Idaho,  are  said  to  act  inlheaometraj'.  'The  Amalgamation  of  Free  Milling  (Jold  Ore*,' 
1^  Louii  JaniD,  Jun,,  Mineral  Imhulry,  toU  iii.  p,  345, 
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of  soluble  salts  that  are  present  in  the  roasted  ore,  before  the  pulp 
passes  to  the  filter-presses.  The  proportion  of  pans  needed  is  stated 
to  be  about  I  for  every  lo  tons  of  roasted  ore  or  concentrates  treated. 

The  strong  points  of  the  Boulder  Main  Reef  process  appear  to 
lie  in  its  almost  certain  and  complete  extraction  of  the  gold  from 
high-grade  ores,  if  the  roasting  and  other  branches  of  the  process 
be  properly  conducted  ;  asxurmg  low-grade  tailings  ;  whilst  a  \ix%e. 
percentage  of  the  gold  is  recovered  right-away  by  amalgamation  ; 
consequently,  as  Mr.  Von  Gernet,  M.  Inst.  M.M.,  has  pointed  out,* 
the  cyanide  liquors  are  comparatively  poor,  and  have  not  got  to  be 
handled  with  such  extreme  care  as  when  dealing  with  very  rich  ones. 

In  all  cases  where  roasting  forms  part  of  any  metallurgical  pro- 
cess,  the  ore  obviously  needs  to  be  crushed  dry  ;  a  point  which  there 
is  special  need  to  emphasise  in  this  instance,  as  otherwise,  owing 
to  the  presence  of  salt  (chloride  of  sodium)  in  the  water,  the  gold 
would  be  partially  chloridised,  and  enormous  losses  would  be  in- 
curred in  roasting  through  volatilisation.  It  is  not  by  any  means 
unlikely.notwithstanding  what  has  been  said  on  p.  314, that  certain 
losses  do  in  fact  arise  from  this  cause,  in  roasting  these  Kalgoorlie 
ores,  even  when  dry-crushed,  as  there  must  be  a  small  amount  of 
chloride  of  sodium  in  the  moisture,  in  the  ore  in  most  cases. 

In  this  connection,  the  results  of  some  interesting  experiments 
will  be  found  in  the  Lmdan  Mining  Journal  oi  OcXohex  5,  1901. 

On  p.  1237  it  is  stated  that  a  well-known  London  dicmist 
found  that,  by  roasting  the  ore  alone  at  a  very  low  temperature, 
it  could  be  done  with  a  loss  of  8  per  cent  of  the  buliioa  He 
next  attempted  to  lessen  this  loss  by  roasting  with  a  small  propor- 
tion of  powdered  charcoal,  but  did  not  succeed  in  doii^  sa  The 
same  result  followed  roasting  with  crushed  anthracite.  In  both  cases, 
the  loss  of  gold  was  greater  than  when  the  ore  was  roasted  alone. 

Three  tests  (made  in  October  in  the  previous  year)  may  also  be 
quoted  from  the  same  article. 

Test  I. — The  ore  assayed  5  oz.  7  dwt  19  gr.  per  ton  in  gold, 
and  t  02.  I  dwt  5  gr.  in  silver  per  ton.  This  ore  was  dry-crushed, 
and  roasted,  reducing  the  sulphur  to  i  per  cent,  with  the  loss  pf 
0*36  per  cent  gold,  and  20  per  cent,  silver.  Another  portion  of 
the  sample  was  wet-crushed  and  roasted,  and  the  loss  was  found 
to  be  81  "5  per  cent  gold  and  66"6  per  cent  silver. 

Test  2. — Ore  assaying  7  oz.  11  dwt  22  gr.  gold,  and  2  oz. 
10  dwt  f  I  gr.  silver  was,  as  in  Na  i  experiment,  dry-crushed  and 

•  Thitu.  Intt.  ef  MiTung  and  Mdatturgy,  tiA.  Tui.  p.  49S. 
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roasted  with  the  loss  of  o"7  per  cent  gold  and  31  per  cent  silver. 
By  wet-crushing  and  roasting,  the  loss  was  79 '  16  per  cent,  gold  and 
89  per  cent  silver. 

Tfsl  3. — This  experiment  was  carried  out  upon  ore  having  an 
assay  value  of  4  oz.  11  dwt.  1 1  gr.  gold  and  2  oz.  4  dwt.  2  gr.  silver. 
Dry-crushing  and  roasting  showed  a  loss  of  04  per  cent  of  the 
gold  and  20  per  cent,  of  silver.  A  portion  of  the  pulp  was  then 
crushed  and  mixed  with  distilled  water,  to  which  005  per  cent  of 
common  salt  had  been  added  \  and  after  roasting,  a  loss  of  20  per 
cent,  of  the  gold  and  80  ■  6  per  cent  of  the  silver  was  shown. 

The  same  article  adds, "  Cripple  Creek  tellurides  are  more  vola- 
tile than  the  Kalgoorlie  ores,  but  the  latter  milling  ores  are  richer, 
averaging  roughly  about  30  dwt.  as  against  22  dwt  of  the  former." 

The  loss  of  cyanide  due  to  the  quality  of  the  water  used  in 
making  up  the  solutions  is  sud  *  to  have  been  another  reason  why 
ordiftary  percolation  treatment  after  roasting  was  given  up  after  trial 
at  the  Boulder  Main  Reef  and  other  mine  ■.  "  All  the  water  on 
the  field  carries  more  or  less  sodium  chloride ;  even  that  from 
Hannan's  Main  Reef,  the  purest  water  on  the  field,  carried  4-75 
per  cent  and  nearly  i  per  cent,  of  magnesium  sulphate.  The 
chlorides  contained  in  the  water  t  decompose  approximately  i  per 
cent  of  their  weight  of  KCy  in  making  up  solutions  ;  or  in  other 
words,  it  represents  a  loss  of  0*5  lb.  of  KCy  for  every  ton  of  ore 
treated,  reckoning  about  2\  lb.  per  ton  of  water  and  20  per  cent, 
of  the  amount  of  water  added  for  wash  purposes. 

"  Another  cause  of  the  loss  is  the  action  of  the  atmosphere  on 
the  KCy  solutions. 

"  This  decomposition  is  much  more  rapid  with  salt  water  than 
with  fresh.  Prof.  E.  H.  Liveing,  at  the  Associated  Mines,  made 
the  following  experiments  f  : — 

"  Two  basins,  each  containing  i  kilo  of  ■  265  per  cent.  KCy  solu- 
tion, the  one  being  filled  with  distilled  water,  and  the  other  with 

•  Tkt  Lcraden  Mittins  J/m^Hol,  Oetobet  !»,  1901, 

t  This  sUtemenl  U  snpporled  by  W.  W.  Ince,  F.I.C,  who  san  :  "  Magnesium  sul- 
[dule,  uid  chlorides  of  magresium  snd  calcium  id  the  presence  of  air  and  carbonic  acid 
are  direct  cjanicides,  and  their  removal  is  th-refore  of  the  grealcsl  importance  in  cases 
where  cyanide  treatment  obtains  ;  for  which  parpose  he  prD|>oscd  to  use  either  sodium 
01  polanium  carbonate.  'The  Treatment  of  Hiebly  Mineralised  Waters,'  Report  of 
Chamber  of  Mines  of  Western  Audralia,  July,  August,  September  igoi.  Also  a  scries 
of  interesting  eiperimenls  by  Mr.  G.  M.  Roberts  at  the  Great  Boulder,  &id^  September, 
p.  314. 


.t  and  left  in  an  open  beaker 
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ordinaiy  mine  water,  were  exposed  to  the  air  with  the  following 
results : — 


Distilled  WBlei  solution  .  -265         |  '13 

Ordinaiy  mine  water  *  265  '  23 


"It  may  readily  be  imagined,  what  the  loss  would  mean  over 
an  extensive  vat  area,  not  to  mention  the  sump-vats  and  zinc- 
boxes,  etc. 

"With  oxidised  ores,  there  was  scarcely  any  appreciable  dif- 
ference between  distilled  and  salt  water  on  the  KCy  solution,  as 
the  consumption  of  KCy  on  such  ores  was  less  than  o"  5  lb.  per  ton 
of  ore ; "  but  doubtless  the  chief  part  of  the  loss  in  treating  roasted 
ores,  as  already  said,  arises  from  the  presence  of  salts  formed  in 
roasting,  and  from  imperfect  calcination  of  the  furnace  product. 

Instead  of  being  cooled  on  an  ordinary  cooling-floor,  the  roasted 
ore  is  usually  dumped  hot,  either  into  a  tank  or,  as  used  often  to  be 
done,  into  a  V-sliaped  launder,  through  which  it  was  sluiced  to  the 
pans.  The  principal  object  of  chilling  it  suddenly  is,  it  is  stated,  to 
break  up  the  hard  superficial  coating  of  tellurite  of  iron  that  is  liable  to 
form  on  the  particles  of  free-gold  during  roasting,  which  artificially 
"  rusts"  them,  aiid  prevents  or  at  any  rate  retards  amalgamation. 

The  difficulty  of  percolating  and  filtering  the  solutions  through 
ore  ground  as  fine  as  is  found  to  be  necessary,  has  been  met  by  the 
use  of  agitators  and  filter-presses,  which  are  employed  •  in  the  same 
way  as  in  the  treatment  of  oxidised  slimes  described  in  the  last 
chapter. 

As  pointed  out  by  Mr.  Alfred  James,  it  must  not,  however,  be 
supposed  that  because  filter-pressing  was  reckoned  f  to  have  cost 
from  dr.  to  Zs.  per  ton,  "double  filter-pressing,"  as  originally  em- 
ployed in  the  Boulder  Main  Reef  process,  doubled  this  item.  The 
sum  mentioned  covered  superintendence  and  settling  solutions, 
6-832rf. ;  discharging  and  filling  presses,  2J.  I0"353</. ;  compressed 

*  Mr.  J.  K.  Wilson  eipiessed  the  opinion  that  filter-prcising  answered  better  llisui 
agitation  in  a  vat  inx  dissolving  tlie  gold,  whether  the  ore  is  roasted  or  raw  (in  the 
latter  case,  because  of  the  rapidity  with  which  bromo-cyanide  decomposes),  since  the 
solvent  silution  is  brought  into  ijuicber  contact  with  the  ore  in  a  "press  under  pressure. 
Trans.  Ins!  ef  Mining  and  MclaUnrgy,  vol.  viii.  p.  499.  1  he  extraction  of  llie  go'd- 
values  from  slimes  that  are  patlially  oxidised  or  not  excessively  refractory  takes  place, 
it  is  said,  in  a  period  of  about  20  minutes, 

t  Tram,  Inst,  oj  Mining  and  Metallurgy,  vol.  viii.  pp.  490  and  515. 
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air,  96631/. ;  zinc  turning,  o-  ig6d.  ;  repairs,  3-0:^71/. ;  assaying,  re- 
torting and  melting,  2' 956*/ ;  zinc,  o- 528'/. ;  filter-cloth,  3'i2lrf.; 
cyanide,  W748ti.  ;  general  stores  and  charges,  ^-iio^d. ;  and  elec- 
tric light,  3-488a'.;  total,  6s.  7*3251/.;  whilst  the  "preliminary 
filter-pressing"  is  merely  required  to  express  the  superfluous  water 
carrying  the  soluble  salts.  When  spitzkasten  are  used  in  place  ot 
presses  for  the  removal  of  the  salts  in  solution,  the  cost  is  of  course 
merelynominal ;  but  some  authorities  seem  tohaveheld  theopinion 
that  this  may  be  partly  off-set  by  saving  in  cyanide,  due  to  the  more 
thorough  and  rapid  removal  of  the,  soluble  salts  in  the  press. 

According  to  a  statement  furnished  to  Mr.  Alfred  James  by 
Mr.  J.  K  Wilson,  of  the  Golden  Horse-shoe,  it  appears  that  two 
men  per  shift  and  two  presses  will  readily  express  the  moisture 
of  100  tons  daily,  and  that  the  extra  cost  should  not  add  more 
than  IS.  a  ton  to  the  cost  of  the  subsequent  leaching  by  filter-press ; 
and  the  Author  is  personally  informed  that  from  }d.  to  is.  4d.  per 
ton  will  cover  the  cost  of  this  branch  of  the  work. 

The  removal  of  the  soluble  cyanicides,  such  as  sulphate  of 
magnesia  and  alumina,  is  of  great  importance ;  since  not  only  are 
they  liable  to  form  hydrates,  which  interfere  with  the  precipitation 
of  the  gold,  but  an  enormous  saving  of  cyanide  *  is  thereby  effected. 

The  actual  consumption  in  the  Boulder  Main  Reef  process  is 
stated  to  have  been  reduced  from  3  to  ij  lb.  per  ton,  and  was  re- 
ported to  have  been  lowered  in  1901  to  slightly  over  a  pound,  A 
peculiar  difficulty  encountered  in  attempting  to  treat  roasted  ores 
by  percolation,  in  the  early  days  of  the  field,  arose  from  the  fact 
that  the  carbonate  of  limef  present  in  the  ore  is  converted  into 
sulphate  by  roasting  with  the  pyrites,  if  the  roasting  tempera- 
ture does  not  exceed  Scxj"  F.  (260°  C.),t  and  this  anhydrous  sul- 
phate of  lime  when  wetted  forms  plaster-of-Paris,  which  causes 
the  contents  of  the  vats  to  swell,  not  only  rendering  percolation 
difficult,  but,  if  left  long  enough  exposed  to  this  action,  in  some 
cases  actually  setting  so  hard  as  to  require  the  use  of  wedges  and 
even  pickaxes  to  remove  the  tailings  from  the  tanks;  the  usual 
method  being   to  undercut,  and   pinch   the   blocks   down.     This 

■  Prof.  E.  H.  Liveing,  A.R.S.M.,  hu  slated  thai  at  some  works  the  soluble  lalts 
caused  a  consumption  of  lo  lb.  of  cyanide  per  Ion  of  ore  treated  ;  and  it  may  soraetimei> 

t  Mr.  H,  Knutsen  observes  that  Ihefinely  crushed  carbonate  of  iron  »ith  the  carbonate 
of  lime  present  in  the  ore,  forms  an  "  iron  cement "  which  sets  Iiard  \vlien  welted.  Trans. 
Insl.  0/ Mining  and  Milallurgv,  of.  cil. 

X  If  heated  to  redness  it  becomes  denser,  assumes  a  crystalline  s  ructure,  and  is  saiii 
to  lose  the  power  of  selling  or  solidifying.  EUmtHls  of  Cliimislry,  W.  A.  Miller,  part  ii. 
p.  469, 
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hardening  is  said  to  have  added  fully  6d.  per  ton  to  the  cost  of  dis- 
charging the  vats. 

To  get  over  this  difficulty,  attempts  were  at  first  made,  I  believe, 
to  slake  the  plaster-of-Paris,  by  transferring  the  roasted  ore  from 
the  "  coolers  "  to  a  "  floor,"  where  it  was  watered  with  hoses,  and 
turned  over  several  times,  before  putting  it  in  the  vats ;  but  this 
required  a  great  amount  of  labour,  and  was  anything  but  satisfactory. 

The  weak  points  of  the  Boulder  Main  Reef  process  are  the  cost 
of  dry-crushing,  roasting  and  pan-grinding  the  ore  ;  the  mechanical 
rehandling  it  has  to  undergo ;  and  losses  that  may  be  incurred  in 
roasting,  or  through  the  ore  not  being  properly  roasted,  which 
sometimes  involved  re-roasting  it. 

The  Principles  and  Practical  Application  of  the  Boulder  Main 
Reef  Process, 

This  method  of  treatment  has  been  called  by  Mr.  James  the 
"  Marriner  "  "  or  "  roasting  and  sliming  process  " ;  but  it  might  per- 
haps be  more  fully  described  as  the  dry-crushing,  roasting,  pan- 
amalgamation  and  washing,  or  double  filter-pressing  (using  ordinary 
cyanide)  extraction  process,  in  order  to  depict  in  sequence  the 
essential  features  of  this  system  of  dealing  with  sulpho-tetluride 
ores,  which  I  will  endeavour  to  describe  in  detail. 

By  dry-crushing  the  ore  is  ground  fine  and  prepared  for  the 
furnaces.  Roasting  renders  the  gold  susceptible  to  amalgamation 
and  extraction  by  ordinary  cyanide  solutions  ;  the  pan  treatment, 
as  far  as  possible,  slimes  any  coarse  particles  of  ore  carrying  free 
gold,  amalgamates  gold  of  a  coarse  nature,  or  that  may  have 
assumed  a  lump-form  by  fusion  in  the  furnace,  and  enables  the 
soluble  salts  to  be  taken  up  into  solution  ;  t  the  first  "  leaching  "  in 
the  filter- presses,  spitzkasten,  or  agitating  vats  extracts  the.se  harm- 
ful soluble  salts,  and  the  second  "  leaching  "  with  ordinary  cyanide 
in  "  presses  "  dissolves  most  of  the  remaining  fine  gold.  Considered 
as  a  whole,  it  therefore  appears  to  be  a  method  of  treating  sulpho- 

*  Mr.  J.  T,  Marrioer  was  the  melallni^t  who  first  applied  il  at  the  Boulder  Main 
Reef  Company's  works. 

t  In  this  connection,  Mr.  S.  Gilssn,  commenliag  upon  (he  effect  of  "  double  filler- 
pressing,"  said :  "  It  is  round  in  practice  Uiat  the  consumption  of  cyanide  (in  the  per- 
colation process}  is  equal  to  8  or  9  lb.  per  ton,  which  tepresenls  approximately  lo».  per 
ton  for  cyanide  of  potassium  alone.  AUo  that  occasionall}',  owing  to  a.  bad  roast,  salts, 
fonn  in  the  process  of  roasting,  together  with  occluded  reducing  gases.  When  this  occurs, 
the  solvent  aclion  of  the  cyanide  is  greatly  retarded."  The  "  double  fi Iter- pressing  "  ha; 
for  its  object  the  eliioitiation  of  these  salts.  The  sulphates  of  iron  ana  the  sulphuric 
acid  present  due  to  the  decompos'tioa  of  the  iron  sulphates— the  moisture  in  the  hot 
ore  supplying  the  hydrogen— decompow  tlie  KCy  immediately. 
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telturide  ores  of  this  class  which  one  cannot  doubt  is  capable 
of  achieving  3  high  measure  of  metallurgical  success,  le.  a  high 
extraction,  provided  proper  attention  is  paid  in  all  departments 
to  ordinary  working  requirements,  whilst  giving  due  regard  to  any 
chemical  and  mechanical  modifications,  which  special  circumstances 
may  demand. 

T/ie  Great  Boulder  Main  Reef  Sulphide  Works. 

The  Author  is  indebted  to  the  Company,  for  their  courtesy  in 
placing  at  his  disposal  the  photographs  from  which  the  accom- 
panying view  of  the  works  (Fig.  56)  and  the  shaft  furnace  (Fig.  57) 
have  been  reproduced. 

The  earliest  attempt  made  to  treat  sulphide  ore  in  these  works 
(from  April  to  December  1S99)  is  described  in  The  London  Mining 
Journal  of  October  12,  1901,  and  consisted  in  crushing  the  ore  as  it 
was  delivered  from  the  mine  in  a  No.  3  Gates  crusher  (which 
worked  only  on  one  shift)  to  pass  a  2-inch  ring.  From  the  storage 
bin  the  ore  then  went  to  a  revolving  drier,  and  from  the  drier  it  was 
raised  by  a  chain  and  bucket  elevator  to  another  bin.  The  cost  of 
drying  in  April  and  May  1899  is  stated  to  have  been  3'68S(/.  per 
ton,  and  in  the  following  June  the  practice  of  drying  was  given  up, 
the  ore  being  delivered  from  the  storage  bin  of  the  stone-breaker 
direct  on  to  a  rubber  belt,  and  thence  to  the  hoppers  of  two  No.  5 
Krupp  ball-mills.  After  leaving  the  ball-mills,  the  ore  was  raised 
to  the  top  of  the  Richards'  type  roasting  furnace  (hereafter  fully 
described)  by  a  belt  elevator,  and  after  roasting,  it  was  conveyed  to 
a  small  room  where  it  was  damped  and  cooled,  filled  into  side- 
tipping  trucks,  and  trammed  to  the  (eight)  leaching  vats  20  feet  in 
diameter  by  7  feet  deep,  in  which  it  was  treated  with  cyanide  by 
percolation,  and  the  gold  was  extracted  in  the  usual  manner  in 
line  extractor  -  boxes.  The  residues  contained  20  per  cent,  of 
moisture.  Difficulties  arose,  however,  owing  to  the  charges  setting, 
and  in  other  ways,  and  the  extraction  percentage  was  not  increased, 
which  led  to  the  works  being  remodelled. 

The  average  costs  per  ton  from  April  to  December  1899,  during 
which  time  12,210  tons  are  stated  to  have  been  treated  in  this 
manner,  are  given  as  follows : — 
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The  item  cyanide  includes  various  component  costs.  For 
instance,  in  September  {1899)  the  consumption  of  cyanide  is  stated 
to  have  been  6720  lb.,  or  at  the  rate  of  4-46  lb.  per  ton,  costing 
4J.  8- 731^. ;  chloride  of  lime,  5-94  lb.  per  ton,  costing  is.  o-yj^. ; 
zinc,  I'll  lb.  per  ton,  costing  \-y%d.  ;  sundries  costing  o-gid.  per 
ton  of  ore. 

To  these  items  must  also  be  added  wages,  as  follows : — 

Charging  vats,  2s.  094^.;  discharging  vats,  is.  0'4yd. ;  treat- 
ment, OS.  i,'72d.  per  ton. 

The  furnace  costs  in  September,  roasting  1506  tons,  were  sub- 
divided, I  understand,  as  follows : — 


Wood  comnmed,  56  cords       .         .         ,  61  is    o  '  o    9*81 

Sundries 553  O    o-Ss 

W»Bes I         ZS7  I"    7  3    5  "OS 

3*4    9  10  4    3'7i 

In  October  1899,  1255  tons  are  stated  to  have  been  roasted,  at 
a  cost  of  4J.  %d.  per  ton,  but  it  would  appear  that  the  average  cost 
of  roasting  12,210  tons  amounted  to  6j.  6'i67rf.  per  ton,  as  above. 

The  pioneer  plant,  afterwards  designed  and  installed  to  carry 
out  what  is  now  generally  known  as  the  Great  Boulder  Main  Reef 
process,  also  called  the  Marriner  process,  originally  possessed  a 
nominal  capacity  of  about  40  tons  a  day  (1200  tons  per  month)  ; 
but  has  since  been  increased  by  the  addition  of  five  Edwards'  roasters 
(three  of  which,  I  believe,  started  work  at  the  beginning  of  April 
1901),  by  which  the  capacity  of  the  works  was  nearly  doubted. 

The  crushing  plant  was  the  same  as  in  the  original  mill  and 
consisted  of  a  No.  3  Gates  crusher,  which  yielded  a  i^-inch  pro- 
duct ;  this  was  fed  from  a  200-ton  bin  below,  by  a  Challenge 
feeder,  on  to  a  Robins'  belt-conveyor  which  delivered  it  to  two 
No.  5  ball-mills,  from  which  the  ore  was  elevated  to  the  multiple- 
hearth  Richards'  type  shaft-furnace ;  in  addition  to  which  the 
machinery  included  a  tailings-wheel,  six  s-feet  diameter  pans  ; 
filter-presses  for  leaching  ;  four  agitation -vats  ;  two  pressure-tanks  ; 
filter-presses  for  cyaniding ;  and  zinc  precipitation-boxes.  In  the 
period  ending  May  31,  1901,  in  addition  to  the  Edwards  furnaces, 
two  plunger-pumps,  and  other  necessary  plant  to  deal  with  the 
increased  output  of  the  works  was  installed. 
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Double  Filter-pressing, — Formerly,  after  the  sands  had  been 
roasted  and  slimed  in  the  pans,  the  "  pulp "  was  delivered  to  the 
first  set  of  presses,  and  water  was  forced  through  the  cakes  of  slime 
until  the  salts  were  washed  out.  The  slimes  then  fell  into  a  "  mixer  " 
and  were  agitated  with  cyanide  solution  ;  but  spitzkasten  are  now 
employed  to  get  rid  of  the  soluble  salts. 

The  Ball-mills  are  reckoned  to  have  a  capacity  of  about  30  tons 
a  day  each,  crushing  through  a  (gcX)  per  square  inch)  30-mesh  sieve 
Ball,  and  Griffin  mills  (which  are  also  largely  used),  are  generally 
preferred  to  rolls  or  Chilian-mills  for  dry-crushing  at  Kalgoorlie," 
as  they  reduce  the  product  when  dischai^ed  to  a  much  finer  mesh 
in  one  operation. 

The  wear  and  tear  on  the  balls  is  stated  to  amount  to  about 
0'3  lb.  per  ton  crushed,  and  with  damp  schistose  ore  about  80  per 
cent,  of  the  product  will  pass  through  a  icxj-mesh  screen  whilst 
with  dry  quartzosc  ore,  about  50  per  cent,  does  so. 

After  the  ore  has  been  crushed,  a  bucket-elevator  raises  the 
ball-mill  product  to  a  point  where,  by  means  of  an  adjustable 
sliding  door,  it  is  split  into  two  parts ;  one  part  passes  down  a 
shoot  to  a  screw-conveyor,  which  delivers  it  through  shoots  to  the 
Edwards'  furnaces  that  were  added  to  the  plant,  whilst  the  other 
portion  is  delivered  to  the  boot  of  a  second  belt  and  bucket- 
elevator,  by  which  it  is  raised  to  the  feed-floor  of  the  shaft-furnace 

The  Multiple-hearth  Furnace  (Fig.  57)  is  built  on  the  lines  of 
the  Richards  shaft-kiln  erected  at  Mount  Morgan.f  in  Queens- 
land, with  several  (eleven)  arched  horizontal-hearths  (resting  on 
iron  girders  with  an  18-inch  web),  superimposed  vertically  one 
above  another.  It  is  provided  with  one  fire-place  only,  at  the 
bottom  of  the  shaft,  and  the  hot  air  circulates  backwards  and  for- 
wards through  flues  at  opposite  ends  of  every  alternate  hearth, 
while  the  ore  is  allowed  to  bank  up  on  each  hearth  till  it  forms  a 
natural  slope,  off  which  it  slides  across  the  furnace,  zigzagging 
from  side  to  side  (like  in  a  shelf-kiln)  till  it  reaches  the  bottom, 
where  it  is  drawn  out. 

The  furnace  tower  or  shaft  is  65  feet  in  height,  and  of  rectan- 
gular shape,  measuring  30  by  12  feet  in  horizontal  section,  with  a 
fire-place  at  the  bottom ;  and  the  ore,  which  is  introduced  at  the 
top  through  a  row  of  holes,  by  means  of  a  screw-conveyor  which 
distributes  it  over  the  whole  length  of  the  uppermost  floor,  starts 
roasting  at  a  low  heat,  with  a  gradually  increasing  temperature ; 

iter  Vlir.,  pp.  146-247. 

'.  Lock  in  Gol,i  Afitlin^,  p.  380. 
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a  principle  which  is  undoubtedly  sound.  This  furnace  is  said  to 
have  cost  3700/.  to  erect.  The  fire-bricks  used,  which  were  all 
imported,  had  to  pay  a  duty  of  20  per  cent. 

The  ore  in  its  downward  course  is  reckoned  to  travel  some 
2CX)  feet,  and  it  is  claimed  that  the  consumption  of  fuel  is  small  as 
compared  witn  other  furnaces,  which  have  several  fire-places  to  a 
much  shorter  length  of  hearth.  The  escaping  gases  have  a  tem- 
perature, I  am  informed,  of  about  300°  C  (5/2°  F.).  Its  working 
capacity  appears  to  be  about  35  to  40  tons  per  24  hours ;  whilst 
that  of  the  Edwards'  furnaces  is  reckoned  at  12  to  15  tons  per  day 
each. 

With  wood  fuel  the  consumption  in  the  shaft-furnace  is  stated 
to  be  about  10  per  cent.,  and  that  in  an  Edwards'  furnace  15  per 
cent,  of  the  weight  of  ore  roasted.  Mr.  Robert  Allen  states  that 
roasting  causes  a  loss  of  weight  of  about  1 5  per  cent,  of  the  raw  ore 
with  a  corresponding  increase  in  assay  value. 

The  chief  difficulties  in  operating  the  furnace,  if  I  am  correctly 
informed,  have  been  the  tendency  of  the  ore  at  times  to  stick  on 
the  shelves,*  and  the  necessity  of  drawing  it  by  hand  off  the  bottom 
hearth,  a  contingency  which  was  not  contemplated  originally ; 
whilst  at  other  times,  a  charge  of  "green"  (unroasted)  or  partially 
roasted  ore  was  liable  to  glissade  and  shoot  down  on  top  of  the 
roasted  charge  in  the  lower  part  of  the  furnace.  With  the  ex- 
perience gained,  these  troubles  seem,  however,  to  have  been  over- 
come by  structural  alterations  in  the  details  of  the  furnace. 

It  is  claimed,  notwithstanding  the  difficulties  that  have  been 
mentioned,  that  the  multiple-hearth  furnace  has  been  one  of  the 
cheapest  and  simplest  to  operate  ot  any  on  the  "  field  "  ;  and,  taking 
into  account  the  amount  of  labour  and  fuel  which  one  might  ex- 
pect would  be  required  to  "sweet-roast"  the  ore,  judging  from  the 
figures  previously  given,  it  seems  not  unreasonable  to  suppose  that 
when  run  up  to  its  full  capacity  the  cost  of  roasting  should  not 
exceed  41.  id.  a  ton. 

When  discharged  from  the  furnace,  the  ore  is  stated  to  be 
roasted  down  to  about  0*8  per  centf  of  sulphur,  and  is  conveyed 
by  a  stream  of  "  plant  water  "  (forming  a  thin  pulp)  to  a  "  tailings- 
wheel,"  which  elevates  it  to  a  lai^e  spitzkasten,  the  object  of  which 

*  This  difficult]'  was  overcome,  I  uodcntand,  by  piercing  the  wills  of  the  furnace 
with  three  holes  on  each  floor  (l3  bchessquari)  and  erecting  itages  or  platforms  outside, 
iota  which  the  ore  could  be  scraped  down,  but  too  much  cold  air  was  admitted  in  this 
way,  and  they  bad  lo  be  bricked  up ;  internal  alterations  were  coDsequently  made  in 
the  fumace,  and  a  dost  chamber  was  built  on  top  of  it,  raising  it  lo  75  feet  in  heieht. 

t  A  statement  by  Mr.  Ed.  Skewes  10  Mr.  Heniy  Cassel,  Trant.  Intl.  cj  AUning 
and  Afelallurgy,  vol.  viii.  p.  509. 
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is  partly  to  thicken  the  pulp,  and  partly  to  get  rid  of  the  soluble 
salts,  The  clear-water  overflow  is  returned  to  a  storage  tank  ; 
whilst  the  underflow  is  divided  by  five  Jets  into  a  slimes  product 
and  a  coarse  sands  product. 

The  slimes  product  of  the  spitzkasten  is  pumped  into  four 
agitation-vats  fitted  with  paddle  agitators,  each  21  feet  in  diameter 
and  6  feet  deep,  where,  after  the  addition  of  the  requisite  cyanide, 
the  pulp  is  agitated  for  eight  hours  ;  each  of  these  vats  holds  about 
20  tons  of  slime. 

The  sandy  product  of  the  spitzkasten  is  distributed  between  six 
S-feet  diameter  Wheeler  pans,  which  grind  it  finer,  the  gold  being 
caught  by  the  mercury  chained  into  them ;  but  no  amalgamated 
copper-plates  are  used.     The  pans  have  a  continuous  overflow. 

The  Tailings-wheel  and  Pans  need  no  special  comment,  ex- 
cept that  I  may  mention,  in  connection  with  this  part  of  the  pro- 
cess, that  the  temperature  of  the  water  in  the  pans  would  seem  to 
be  a  matter  worth  studying,  .since  (to  take  merely  two  examples) 
it  is  well  known  that  calcium  sulphate  is  more  soluble  in  water  at 
38°  C.  (100°  F.)  than  it  is  in  boiling  water  {150  gr.  per  gallon,  or 
2 '143  grm.  per  litre,  being  dissolved  at  ordinary  temperatures), 
whilst  magnesium  sulphate  is  soluble  in  three  times  its  weight  of 
water  at  15°  C.  (59°  F.)  and  in  half  that  quantity  at  100°  C.  (212°  F.). 

The  temperature  of  the  water  in  the  pans  appears,  therefore, 
likely  to  materially  influence  the  quantity  of  water  required,  and 
the  rapidity  with  which  the  various  deleterious  salts  are  dissolved, 
depending  upon  the  relative  proportions  in  which  they  happen  to 
be  present. 

Any  coarse  sands  left  after  grinding  in  the  overflow  of  the 
pans  are  separated  by  a  spitzkasten,  and  returned  to  the  pans  for 
regrinding  ;  whilst  the  slimes  are  pumped  up  to  the  agitation-vats, 
to  be  agitated  with  the  other  slimes. 

The  Agitators. — These  are  the  only  other  part  of  the  plant 
which  needs  more  detailed  description,  and  I  may  borrow  the 
following  particulars  of  their  construction  from  Mr.  James'  "  paper," 
which  I  have  already  quoted. 

It  may  be  observed  that  when  old  slimes  are  treated,  these  are 
broken  up  in  a  special  tank  called  a  breaker  or  mixer.  It  is  about 
4  feet  deep  by  5  feet  in  diameter,  with  a  pierced  (perforated)  in- 
ternal cone,  fitted  with  a  revolving  blade  or  vane  at  the  bottom. 
The  pulp  is  thus  drawn  through  the  cone,  past  the  rapidly 
circulating  vanes,  and  discharged  through  an  overflow  at  the 
side  of  the  upper  portion  of  the  vat. 
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The  agitators,  before  referred  to,  are  much  lai^er  than  this, 
running,  as  already  said,  up  to  21  feet  in  diameter,  and  are  pro- 
vided with  a  vertical  shaft  (revolved  by  bevel-gearing  at  the  top 
at  from  j  to  10  revolutions  per  minute),  carrying  .two  sets  of 
radial  arms  at  the  bottom.  Agitation  continues  for  8-12  hours 
or  more,  depending  on  the  capacity  of  the  agitators  and  filter- 
presses,  The  KCy  solution  is  strengthened  in  the  agitators  and 
brought  up  to  normal  strength  by  the  addition  of  KCy,  The 
liquor,  after  agitation  has  ceased,  can  be  decanted  or  allowed  to 
flow  to  the  pressure  tanks  with  the  slimes.  "Other  methods  of 
agitation  that  might  be  employed  for  the  same  purpose  are  a 
swiftly-revolving  pipe,  of  say  18  inches  diameter,  filled  with  internal 
helical- curved  vanes,  which  force  all  the  pulp  against  an  iron  plate 
on  the  bottom  of  the  vat.  Another  most  efficient  method  is  to  use 
a  centrifugal  pump." 

After  treatment  in  the  agitation-vats  is  complete,  the  (slimes) 
pulp  is  drawn  off  into  one  of  two  montejus,  and  then  filter-pressed 
in  four  Dehne  presses,  holding  about  3  tons  15  cwt.  each.  The 
issuing  gold  solutions,  after  passing  through  an  additional  press, 
to  clarify  them,  are  led  into  three  zinc  extractor-boxes.  About 
90  per  cent  of  the  gold  recovered  is  stated  to  be  obtained  by 
cyanide,  the  remainder  being  caught  in  the  form  of  amalgam.  By 
the  addition  of  the  new  furnaces,  etc.,  the  capacity  of  the  plant 
was  gradually  raised  up  to  between  1800  and  21CO  tons  per  month, 
in  1901. 

Particulars  of  cost  and  extraction  results  are  given  on  pp.  342-3, 
and  in  the  supplementary  tables,  pp.  434-435. 

The  Great  Boulder  Sulphide   Works. 

The  accompanying  views  of  the  works.  Figs.  58,  59  and  60,  are 
reproduced  from  the  Colonial  Mining  News  of  May  i,  1902,  by  the 
courtesy  of  the  proprietors  of  the  paper. 

This  mill,  which  was  the  next  to  be  erected,  is  an  excellent 
example  of  the  type  under  review ;  and  the  following  particulars 
are  excerpt  from  description-  given  by  Mr.  Robert  Allen,"  and 
more  recently  by  Mr,  G.  M.  Roberts,  in  the  Reports  of  the 
Chambers  of  Mines  of  Western  Australia,  July,  August  and 
September  1902. 

The  ore  starts  by  being  hand  sorted,  3  to  4  per  cent,  of  the 
mine-ore  being  thus  eliminated,  whilst  the  balance  is  crushed  to 

•  op.  tit ,  Rojal  ComnUsioii,  Glo^ow. 
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2-inch  size,  in  a  No.  5  Gates  breaker,  "  D  "  type,*  the  product  of 
which  is  passed  through  a  trommel  with  i  inch  diameter  perfora- 
tions. The  coarser  portion  of  the  ore  which  this  trommel  rejects 
is  then  delivered  by  a  pair  of  grasshopper  conveyors  with  adjustable 
discharge  doors,  6  feet  apart,  and  distributed  over  a  500-ton  bin 
supplying  three  No.  H  Gates  fine  breakers,  which  are  fed  by  means 
of  automatic  Gates  roll-feeders ;  these  can  each  crush  about  100 
tons  per  diem  to  i  inch  size. 

The  product  of  the  fine-breakers  is  then  carried  to  the  Griffin 


FtG.  sS— The  Great  Bouldi 

mill-bin  by  two  14-inch  Robins'  belt  conveyors,t  and  distributed 
over  it  by  grasshopper  conveyors,  whilst  "  the  fines "  from  the 
trommel,  if  dry,  are  taken  by  a  14-inch  belt  conveyor  direct  to  the 
same  bin.  If  wet,  however,  they  are  first  dried  by  bein^  passed 
through  a  Howell- White  drier,  and  are  afterwards  elevated  to  the 
bin.  The  ore,  it  may  be  mentioned,  contains  on  the  average  some 
3   per  cent,  of  moisture,  and,  if  it  do  not  exceed  this  amount,  does 

*  The  capacity  of  this  machine  b  170  Ions  pet  eigbl  hotiri,  and  it  it  lilted  wilh  a 
manganese- steel  manlle,  the  life  of  which  is  said  to  be  three  limes  as  gieal  as  the 
ordinary  chilled  solid  bead. 

t  One  horiionta],  ihe  oiber  set  ai  an  angle  of  21°. 
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not  require  drying  for  dry-crushing.  Very  wet  ores,  containing  up 
to  lO  per  cent,  of  moisture,  are  stored  in  a  paddock,  where  they 
serve  as  a  reserve,  and  the  surplus  moisture  dries  off  in  the  sun. 
Shoots  from  the  Griffin  milt-bin  lead  to  ten  hoppers,  fitted  with 
automatic  feeders,  by  which  the  ore  is  fed  to  ten  *  Griffin  mills. 

Each  Griffin  mill  requires  20  to  25  horse-power  and  has  a  capa- 
city of  26  to  30'S  tons  per  diem;  crushing  through  15-niesh 
woven-wire  cloth,  according  to  the  character  of  the  ore,  75  to 
85  per  cent,  of  the  product  will,  it  is  stated,  pass  through  a  120- 
mesh  screen,  and  crushing  through  iS-mesh,  75  per  cent,  will  pass 
a  150-mesh  screen.  The  cost  of  crushing  in  these  mills,  based  on 
60,396  tons  crushed,  is  given  by  Mr.  Roberts  as  2s.  io-6i\d.\ 

The  Griffin  mill  dies  are  usually  turned  partly  round  four  times 
before  they  are  worn  out ;  the  wear  and  tear  is  about  1 3  oz.  of  metal 
per  ton  of  ore  crushed ;  the  cast-iron  bottoms,  which  weigh  about 
2  tons  and  cost  yol.  each,  are  protected  from  explosions  of  small 
pieces  of  dynamite  that  occasionally  get  into  the  ore  by  a  false 
bottom  of  ^  inch  wrought-iron  plate. 

Dust  from  the  mills  is  drawn  ofif  by  a  fan  andcollected  in  a  large 
settling  chamber,  from  which  it  is  withdrawn  at  intervals  and  roasted. 

Screw-conveyors  carry  the  ore  as  it  is  crushed  lo  a  double 
push  conveyor,  190  feet  long,  with  scraper>  12  inches  apart,  by 
which  it  is  distributed  through  a  series  of  4.  by  3-inch  shoots 
to  twelve  X  Edwards'  roasting  furnaces,  fed  by  Ridgeway  patent 
feeders,  which  Mr.  Roberts  describes. 

The  Edwards  furnaces  have  each  a  capacity  of  12  tons  per  diem, 
if  fired  with  wood,  or  15  to  17'S  tons  when  fired  with  gas.  Each  is 
essentially  a  box-girder,  lined  on  the  inside  for  the  greater  part  of 
its  length  with  common  brick,  but  with  fire-brick  at  the  bridge  end. 
It  is  supported  on  the  cantilever  principle  on  a  pivot  at  its  centre, 
and,  by  means  of  a  screw-jack  at  the  discharge  end,  the  inclination 
of  the  hearth  can  be  adjusted,  in  practice  being  usually  set  at  about 
15  inches  on  its  total  length,  i.e.  64  feet  ;§  its  inside  width  is  6  feet 
6  inches. 

The  ore  is  stirred  and  carried  forward  in  each  furnace  by  fifteen 

*  Two  tddilional  mills  were  eircted  in  190I,  «nd  ' 

t  Made  up  of  labour,  4'885d'.;   oil,  0-265*. ;   1 
(laboui)i  4'7IM. ;  duplicate  parts  and  stores,  ^^02^d. 

t  Id  a  letter  dated  Kalgoorlie,  November  2,  i90t,  Ibe  correspondent  of  the  Financial 
Times  tuA  that  911  fumacts  were  to  be  added  lo  the  plant,  increasing  the  furnace  capa- 
city 50  per  cent.,  and  be  anlicipaled  that  il  would  result  in  "  a  higlier  extraction  with  a 
ilecrease  in  costs."  It  would  appear,  from  later  infoimatlan,  that  the  output  should  be 
increased  thereby  lo  the  cslent  of  about  70  tons  per  diem,  viJt  footnote,  p.  342. 

g  The  dimensions  of  the  Brownhill  furnace  are  given  by  H.  Knulsen  as  60  feet  hj 
b  feet,  with  six  to  eieht  rabble  arms  cooled  by  a  water-circiiil. 
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rabbles,  the  arms  of  wliich  are  at  right  angles'  to  shafts  passing 
through  the  roof  of  the  furnace.  The  shafts,  actuated  by  bevel 
gearing  externally,  rotate  alternately  in  opposite  directions,  and 
absorb  about  I  horse-power  per  furnace. 

The  first  thirteen  rabbles  rotate  at  the  rate  of  i^  revolutions,  the 
fourteenth  at  4  revolutions,  and  the  fifteenth  or  discharge  rabble  at 
6  revolutions  per  minute. 


Fig.  59.— The  Sulphide  Plant  in  Course  of  Erection,  Edwards'  FfRNACHS 
AND  Tans, 

The  first  ten  rabbles  consist  each  of  a  blade  at  right  angles  to 
the  rotating  shaft.  They  were  in  use  ten  months  without  needing 
repair. 

The  last  five  rabbles  are  each  carried  by  a  water-jacketed 
carrier,  the  rabbles  sliding  on  the  carrier ;  the  wear  and  tear,  which 
is  extremely  small,  is  confined  to  the  lower  end  of  the  furnace,  the 
worn-out  castings  being  replaced  by  new  ones  cast  on  the  mine. 
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The  wood  fuel  burnt  amounts  to  15  per  cent,  of  the  weight  of 
the  ore,  some  of  the  furnaces  being  fired  with  wood  ;  the  others  are, 
however,  fired  by  producer-gas,  made  in  three  Dowson  producers 
of  cylindrical  type  (15  feet  high  by  6  feet  in  diameter)  fed  by  bell- 
hoppers,  with  a  mixture  of  Collie  (Western  Australia)  and  New- 
castle (New  South  Wales)  coals,  equal  parts  giving  good  results. 
A  mixture  of  Newcastle  coal  and  saw-dust  has  been  found,  how- 
ever, to  answer  even  better.  The  necessary  air  for  combustion  with 
the  gas  is  introduced  by  a  Sturtevant  fan,  which  in  the  absence 
of  a  gasometer,  forces  it  into  the  furnace  under  slight  pressure. 

Screened  Collie  coal  (free  from  dust)  can  be  used  alone,  but  un- 
screened requires  an  admixture  of  some  Newcastle  with  it  Collie 
coal  costs  about  32j.  per  ton  ;  Newcastle  costs  from  58J.  to6af.  per 
ton  on  the  mine. 

For  producer-gas,  8  cwt.  of  Newcastle  are  equivalent  to  about 
15  tons  of  Collie  coal,  so  that  having  regard  to  their  relative  price 
and  efficiency  their  value  is  about  the  same.  It  was  proposed  to 
introduce  automatic  feeders  in  connection  with  the  producers. 

The  producer-gas  was  formerly  led  direct  to  the  furnaces,  but 
coolers  and  washers  are  to  be  erected  to  extract  the  ammonia  from 
the  gas,  and  prevent  the  accumulation  of  pitch  and  tar  in  the 
pipes.  The  gas  is  delivered  to  each  furnace  at  the  feed-end  by  a 
6-inch  pipe,  from  a  20-inch  galvanised  iron  main,  and  distributed 
by  smaller  piping  to  any  desired  point  in  the  furnace. 

By  the  introduction  of  gas-firing  the  capacity  of  each  furnace 
is  said  to  be  increased  20  per  cent. ;  a  considerable  economy  was 
effected  in  labour  and  fuel,  and  it  was  anticipated  that  the  roasting 
cost  would  be  reduced  from  4J.  6^."  to  3J.  per  ton. 

In  roasting,  the  ore  loses  in  weight  about  6  per  cent,  with  a 
corresponding  rise  in  assay  value.  When  roasted  it  contains  about 
O"  16  per  cent,  of  residual  sulphur  as  sulphide,  and  2  ■  5  per  cent,  as 
sulphate,  though  these  percentages  are  liable  to  vary  slightly  with 
the  nature  of  the  ore,  and  its  rate  of  passage  through  the  furnace. 

At  the  discharge  end  of  the  furnace,  two  push-conveyors  feeding 
two  cross  push-conveyors  carry  the  ore  to  two  Krupp  chain  and 
bucket  elevators,  which  raise  it  to  two  closed-in  "  mixers " ;  a 
sample  of  the  ore  is  cut  out  by  means  of  a  pipe,  at  the  discharge  end 
of  the  elevators.  The  mixers  are  each  4  feet  in  diameter,  and 
2  feet  deep,  fitted  with  suspended  paddle  agitators,  consisting  of 

*  Based  upon  a  13  months'  ran  tlie  coats  given  by  Mr.  Roberts  are : — Superviuon, 
a•Z%^d.  ;  atlendiDgand  Bring,  t'^xid.%  firewood,  ij.  5'3i6i. ;  maint«iuuice,  stores  and 
labour,  \-;(it^.;  dn:u1atiDg-waler,5'7t4i/. ;  horse-power,  i'a^-jd.;  gas-generator  coal, 

\i.  i-ba^. ;  attendance  ond  firing,  4'87W,  ;  iot»I,  4J.  ybvid. 
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two  arms  at  right  angles.  The  dust  produced  in  elevating  the 
ore  is  exhausted  by  a  Sturtevant  fan,  collected  in  a  dust  chamber, 
and  trucked  to  the  cyanide  works. 

Return  water  from  the  spitzkasten  or  any  surplus  liquor  from 
the  cyanide  works  introduced  with  the  ore  into  the  "  mixers  "  forms 
a  thin  pulp  with  it. 

From  each  mixer  the  pulp  is  delivered  to  six  Wheeler-type 
5-feet  grinding  and  amalgamating  pans  without  copper  plates, 
which  are  employed  to  reduce  the  20  per  cent,  of  coarse  material 
that  escapes  the  Griffin  mills  to  a  still  finer  state  of  division  and 
amalgamate  the  coarse  gold.  The  shoes  and  dies  are  cast  on  the 
mine  and  last  12  to  16  weeks. 

The  pans  overflow  continuously,  and  each  set  of  three  pans 
was  formerly  connected  with  a  lai^e  diameter  "  settler,"  in  which 
the  sliming  of  the  ore  was  completed  and  any  escaping  amalgam 
was  caught 

Between  30  and  60  per  cent,  of  the  gold  recovered  from  the 
roasted  sulphide  ore  is  caught  by  amalgamation,  and  from  40  to 
over  65  per  cent,  by  cyanide  treatment  subsequently,  depending  on 
the  character  of  the  ore.  The  pans  are  cleaned  up  fortnightly, 
employing  a  clean-up  barrel,  in  which  the  amalgam  is  ground  for 
24  hours,  discharged  into  a  box,  and  "  washed  "  over  riffles. 

About  98  per  cent,  of  the  pulp  overflowing  from  the  "  settlers  " 
would  pass  a  120-mesh  screen,  and  the  remainder  a  lOomesh. 

The  settlers  discharged  into  a  dam,  separated  into  five  divisions 
(used  in  turn),  holding  250  tons  of  slime,  where  the  pulp  was  settled 
for  thirty  hours,  when  it  was  sufficiently  compact  to  handle  and  truck 
to  the  cyanide  works.  The  excess  of  liquor  from  the  dams  was 
returned  to  the  mill,  and  contained  the  greater  part  of  the  soluble 
salts  which  are  deleterious  to  subsequent  cyaniding. 

Instead  of  passing  through  the  settlers,  the  pan-pulp  now  passes 
direct  through  a  12-inch  by  12-inch  iron  launder  to  the  pump- 
sump,  and  is  raised  by  a  pair  of  9  feet  by  2  feet  4  inches  to  2  feet 
10  inches  stroke  plunger  pumps  to  a  height  of  45  feet  and  delivered 
to  two  distributing  tanks.  Each  tank  has  four  holes  leading  to 
four  sets  of  classifiers,  which  deliver  in  turn  to  four  spitzkasten. 
The  classifiers  separate  any  coarse  sands  or  quicksilver  that  may 
have  escaped  the  pans,  and  return  them  to  be  reground.  The 
spitzkasten  clarify  the  solutions,  and  thicken  the  pulp  to  a  con- 
sistency of  about  45  per  cent,  of  solution  and  55  per  cent  of  ore, 
and  it  gravitates  to  the  cyanide  plant ;  the  overflow  water  being 
returned  to  the  mixers. 
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The  Old  Stamp  Battery  {remodelled). 

This  forms  a  separate  section  of  the  works,  and  was  formerly 
used  for  the  treatment  of  oxidised  ore  (as  described  in  Chapter 
VIII.X  but  has  been  employed  till  recently  to  crush  raw  sulphide 
ore.  To  avoid  crushing  tellurtde-ore,  it  was  set  apart  for  the 
treatment  of  low-grade  stone.  The  ore,  after  it  had  been  crushed 
in  the  rock-breaker,  was  reduced  to  pulp  by  the  stamps  (thirty  in 
number),  and  the  gold  was  caught  by  inside  and  outside  amal- 
gamation, employing  24-mesh  screens  in  the  mortar-boxes. 

The  issuing  pulp  was  distributed  between  six  Wheeler-type  pans, 
from  which  it  overflowed  continuously  into  three  lai^e  settling-pans. 

Between  88  and  96  per  cent  of  the  pulp  escaping  from  the 
settlers  would  pass  through  a  :  co-mesh  screen  ;  it  flowed  over  four 
sets  of  "  canvas  tables,"  which  caught  some  9  tons  of  concentrates 
per  24  hours.  The  tailings  from  the  canvas  tables  were  caught 
in  one  of  three  700-ton  dams,  where  they  were  settled,  and  the 
clarified  water  was  returned  to  the  battery. 

These  tailings,  when  sufficiently  drained  to  be  shovelled,  were 
trucked  to  the  cyanide  works. 

The  concentrates  from  the  "  canvas  tables "  were  dried  in  a 
cylindrical  Howell-White  dryer,  and  roasted  in  one  of  the  Edwards 
furnaces,  after  which  they  could  be  treated  in  the  same  way  as 
roasted  sulphide  ore. 

The  gold  extracted  by  amalgamation  from  the  raw  sulphide  ore 
varied  from  30  to  40  per  cent,,  according  to  circumstances,  and 
from  26  to  over  50  per  cent  of  the  balance  of  the  gold  contents  of 
the  ore  was  afterwards  recovered  by  cyanide. 

Owing  to  the  recent  enlargement  of  the  sulphide  works  this 
mill  would,  it  was  stated,  be  reserved  in  future  entirely  for  the 
treatment  of  oxidised  ore. 

The  Cyanide  Works. 

This  department  of  the  works  (Fig.  60)  is  independent  of  the 
battery  and  sulphide  plant,  and  was  set  apart  for  the  treatment  of 
(l)  raw  sulphide  tailings  from  the  settling  dams  of  the  battery,  (2) 
roasted  pulp  from  the  sulphide  works,  and  (3)  oxidised  slimes  from 
the  dump.  The  first  was  treated  separately,  but  the  other  two  were 
mixed  and  received  the  same  treatment. 

The  oxidised  slimes  were  so  fine  that  about  93  per  cent,  would 
pass  a  r20-mesh  screen. 
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The  capacity  of  the  cyanide  works  is  about  300  tons  per  day. 
As  each  truck  of  old  slimes  is  received,  it  is  dumped  into  a 
"  vortex-mixer,"  fitted  with  a  suspended  agitator  (propeller-shaped), 
and  formed  into  a  pulp,  by  mixing  with  a  stream  of  cyanide  liquor 
in  the  proportion  of  seven  parts  of  slime  to  eight  of  solution. 

From  the  mixer  the  pulp  is  raised  by  a  7-inch  plunger-pump 
to  one  of  two  large  storage  tanks,  14  feet  diameter  by  16  feet  deep, 
each  holding  40  tons  of  slimes ,  (net),  one  being  formerly  used  for 
mixed  oxidised  and  roasted  ore  slimes,  and  the  other  for  raw 
sulphide  ore  slimes ;  the  thickened  pulp  from  the  spitzkasten  at 


Fig.  6a— The  Great  Bouldek  Cyanide  Plant  (Interior),  Filter-Presses 
AND  Agitators. 

the  sulphide  works  is  now,  however,  delivered  to  the  storage  tanks 
direct.  Each  is  fitted  with  a  suspended  agitator  to  keep  the  pulp 
from  settling. 

From  these  storage  tanks  the  pulp  is  drawn  off  into  fifteen 
agitation  vats,  from  15  to  20  feet  in  diameter  by  5  feet  deep,  driven 
by  worm-gearing.  Nine  of  these  hold  20  tons  net  of  slimes  each, 
and  the  remaining  six  30  tons  each ;  lime  is  added  to  the  slimes  to 
neutralise  any  cyanicides. 

If  the  material  consists  entirely  of  slime,  6  to  8  hours  is  gene- 
rally sufficient  agitation,  but  as  some  fine  sand  is  frequently  mixed 

Z  2 
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with  the  "slimes,"  they  are  usually  agitated  for  about  l6  to 
20  hours,  the  solution  being  strengthened  up  to  o- 09  KCy. 

The  pulp,  after  treatment  in  this  way,  is  delivered  to  the  filter- 
presses  by  four  montejus,  each  of  350  cubic  feet  capacity,  two 
being  used  at  a  time,  as  they  contain  enough  pulp  to  fill  about  three 
presses.  This  part  of  the  plant  contains  four  presses,  which  are  of 
Dehne  pattern,  each  holding  4*25  tons  of  raw  ore,  or  4  tons  of 
roasted  ore ;  and  five  Martin  presses,  each  holding  3  *  4  tons  of  raw 
ore  or  3*25  tons  of  roasted  sulphide  ore  ;  all  the  presses  make 
3-inch  cakes.  The  press  is  filled  in  about  15  minutes,  the  pressure 
running  up  to  75  lb.  per  square  inch.  After  the  charging  valve  is 
closed  air  is  turned  on  for  about  two  minutes  to  express  the  gold 
solution  before  washing,  and  washing  occupies  about  30  minutes. 
Three  presses  are  filled,  three  are  washed,  and  three  are  being 
emptied  simultaneously,  which  requires  five  pairs  of  men. 

The  gold-bearing  solution  expressed  is  pumped  up  about  12  feet 
to  a  small  tank,  and  after  clarification  in  four  Excelsior  presses,  is 
passed  through  a  set  of  four  ordinary  zinc  extractor-boxes,  which 
are  able  to  deal  with  about  2Co  tons  of  solution  per  diem. 

Sulphuric  acid  treatment  is  used  to  clean  the  gold-zinc  sludge, 
and  a  tilting  furnace  is  employed  to  smelt  the  slimes,  which  are 
run  into  400  oz.  bars. 

A  Miller's  chlorine  plant  has  been  installed  to  "  part "  the  silver 
from  the  gold  in  the  bullion. 

The  press-residues,  which  contain  about  18  per  cent,  of  moisture, 
after  drying  are  hauled  by  horses  in  25-cwt  trucks  to  a  Lidgerwood 
"  flying-fox,"  by  which  they  are  dumped  ;  if  they  go  to  the  slopes, 
they  are  given  a  final  washing  with  salt  water, 

The  extraction  on  raw  (low-grade)  sulphide  ore  is  said  to  have 
varied  from  86  to  90  per  cent. ;  whilst  on  roasted  ore  (averaging  about 
30  dwt.)  •  and  oxidised  slimes,  it  has  run  from  93  to  94  per  cent 

The  total  cost  of  extraction  was  formerly  between  25^.  and  26j, 
per  ton,  but  has  been  gradually  reduced,  and  the  consumption  of 
cyanide  has  fallen  from  2-33  lb.  of  KCy  in  1901  to  2  lb.  per  ton 
of  ore  treated. 

The  water  used  in  the  reduction  works  contains  7  to  13  per 
cent,  solids,  and  has  an  alkaline  reaction. 

An  analysis  of  a  sample  from  the  looo-feet  level  in  Lane's  shaft, 

•  Mr.  Roberti  gives  a.  more  recent  inalysis  {op.  til,  AugusI  190a}  of  on  aveioee 
sample  of  the  Griffin  mill  product,  uhicli  assayed  z6  dwt  per  ton  gold  and  19  dut.  silver. 
He  estimates  the  extticiion  of  Ihe  gold  at  88  to  95  per  cent,  and  the  silver  at  50  per 
cent,  i  the  residues  ranging  from  1)  '.o  ii  dnl. 
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given  by  Mr.  Robert  Allen,*  showed  7-20  per  cent,  of  solids,  made 
up  as  follows  : — 

Alkaline  chloride))     ......  5*^75 

Magnediim  chloride □ '  744  - 

Sulphate  of  calcium o'379 

Oxide  of  calcinm 0'403 

7-200 

The  presence  of  oxide  of  lime,  Mr.  Allen  remarks,  is  possibly 
due  to  soakage  from  the  settling-dams. 

Mr.  Alfred  James  states  t  that  three-throw  pumps,  which  are 
sometimes  employed  for  filling  the  filter-presses,  save  cost  of  com- 
pressed air,  but  that  the  montejus  tend  to  give  better  cakes  ;  this 
appears  to  be  owing  to  the  fact,  that  should  there  be  any  coarse 
material  in  the  pulp,  if  pumped  up,  it  has  time  to  separate  in  "  the 
presses,"  giving  a  less  homogeneous  cake  than  is  produced  with 
compressed  air,  so  that  the  cakes  cannot  be  so  uniformly  washed. 

In  the  year  ending  December  31,  1900,  17,196  tons  of  ore  were 
crushed  and  treated  in  the  sulphide  works,  and  yielded  by  amalga- 
mation and  cyanidation38,896oz.  of  bullion,  'SSdfine.  Theresidues 
assayed  2-10  dwt.  per  ton,  and  the  loss  of  mercury  was  '558  oz. 
The  costs,  exclusive  of  cyaniding  tailings,  which  averaged  9^.  2  •  2<)2d. 
per  ton,  are  given  as  follows : — 


— 

Total  CoU. 

Cortper.™. 

5.M8  «4    9 

a.918    7    4 

1,962    4    9 

60s  >S  " 

270  13  II 

12    9    0 

240    4  10 

22,248    0    8 

(.         d. 

Firewood 

6   yZ 
3    4-73 
a    3-38 
0    g-4S 
0    3-78 

FueMclarcod,  coil  and  coke)      . 

Biick 5  13 

Stable  expenses  ...              89    0 
Experiments       ...           106  10 

8 
3 

0    3-35 
25  '0'49 

The  cost  of  tailings  treatment  in  the  cyanide  works  in  1900  is 
given  in  detail  in  Chapter  VIII.    The  costs  in  19O1  in  the  sulphide 

*  Ofi.  tit.  Royal  CommiBsion,  Glasgow. 

t  Of.  €it.  Trans.  Init.  ef  Mining  and  Mdlallurgy,  vol.  viii.  p.  492.  Mr.  James  ba& 
recently  informed  the  Auihor  (hat  the  liability  to  breakage  which  pumps  of  this  kind 
were  subject  to,  owing  to  sudden  rise  of  pressure,  or  uneven  filling  of  the  presses,  has 
been  overcome  by  the  use  of  an  air-receiver  to  maintain  a  steady  and  low  pressure. 
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works  and  cyanide  works  are  given  in  the  supplementary  tables  at 
the  end  of  this  chapter.  Mr.  Roberts  estimates  the  value  of  the 
bullion  from  oxidised  slimes  at  76J.  to  78^,  per  oz.,  and  from  roasted 
ore  at  54^.  to  72J. 

In  an  interesting  article  on  '  West  Australian  Sulphides,'  the 
Financial  News  of  October  i,  1901,  said:  "The  Great  Boulder 
Company  is  at  present  treating  165  tons  per  day,  though  the  capa- 
city of  the  plant  is  200  tons,*  with  sufficient  power  for  250  tons; 
but  to  reach  the  latter  figure  a  few  alterations  will  probably  have 
to  be  made.  The  average  assay  value  of  the  sulphide  ore  at  pre- 
sent being  treated  is  \\  oz,,  of  which  only  2- 10  dwL,  or  roughly 
6  per  cent.,  is  not  recovered,  leaving,  say,  94  per  cent  as  the  average 
extraction,"  "The  figures,  for  August  were  17^.  \6d.  for  milling 
and  8j,  for  cyaniding,  or  a  total  of  25^,  lorf."  In  September  1901, 
5320  tons  of  sulphide  ore  were  treated  in  these  works  :  9098  oz, 
being  won  by  amalgamation,  etc  ;  and  i498oz.bythecyanidationof 
9212  tons  of  tailings  ;  and  the  costs  were  given  as  24J,  id.  per  ton. 
From  more  recent  figures  given  by  Mr.  Roberts,!  it  appears  that 
the  cost  in  the  sulphide  plant  was  reduced  in  1902  to  13^,  9-111/., 
and  in  the  cyanide  works  to  ys.  2*391/.  >  total,  20J.  wiod. 

General  Summary  of  tlte  Results  of  the  Great  Boulder 
Main  Reef  Process. 

The  following  interesting  particulars  of  results  achieved  by  the 
Great  Boulder  Main  Reef  process  were  given  by  Prof.  E,  H.  Liveing, 
as  the  result  of  an  experiment  on  15  tons  of  roasted  ore  from  the 
Associated  mine,  treated  at  the  Great  Boulder  Experimental  works, 
before  the  erection  of  the  new  "Associated  plant"  was  decided  upon. 

peremt. 
Gold  obtained  by  amalgamatioD  in  grinding  pan  71  '8  of  tusay  value 

„  „       cyaniding  and  filter-presiing         .        31*3  „ 


The  consumption  of  cyanide,  Prof.  Liveing  remarked,  amounted 
to  less  than  2  )b.  per  ton,  and  the  materials  worked  well  in  filter- 
pressing. 

Further  experiments  were  made  at  the  Associated  mine  itself, 

*  It  was  sUted  by  the  chaiiman,  Mr.  G.  P.  Doolettc,  at  the  Annual  Meeting  in 
May  1903,  tbat  this  iignre  had  now  been  reached,  and  by  adding  six  more  furnaces,  and 
extending  the  sulphide  plant,  al  a  cost  of  about  10,000/.,  Mr.  Hamilton  expected  to 
increase  the  ontpul  by  70  ton*  pet  diem.    These  furnaces  ue  of  the  type  kuoim  as  Menon's, 

t  Riport  of  the  Cbamber  of  Mines  of  Western  Australia,  September  1903. 
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and  in  his  report,  dated  May  2,  1901,  Mr.  Hewitson  stated  that 
a  considerable  amount  of  experimental  work  was  done  during 
the  year  ending  March  31,  1901.  A  grinding  pan  was  erected, 
together  with  an  agitator  and  filter-press,  so  as  to  carry  on  experi- 
ments on  a  practical  scale.  These  demonstrated  that  from  34  to 
49  per  cent,  of  the  gold  in  the  ore  {varying  with  its  coarseness) 
could  be  extracted  by  amalgamation,  and  the  treatment  of  the 
finely-ground  pulp  in  the  filter-presses  brought  the  extraction  up 
to  92  to  94  per  cent,  with  a  loss  of  only  ij  lb.  of  cyanide  per 
ton  ;  whereas  with  a  long  treatment  given  in  the  leaching-vats,  the 
loss  of  cyanide  was  about  6^  lb.  per  ton,  due  to  its  decomposition 
by  the  salts  formed  in  roasting  the  ore. 

To  obviate  this,  it  was  at  first  proposed  to  filter-press  the  whole 
of  the  roasted  product  from  the  grindlng-pans,  but  it  was  found 
that  this  double  filter-pressing  could  be  avoided  by  settling  the  ore 
in  large  vats,  as  it  was  proposed  to  do  in  the  "  new  plant"  before 
cyaniding  them  in  "presses." 

It  may  be  of  interest  to  add  here,  that  the  following  are  the 
totals  of  the  fire  assays  and  analytical  tests  done  at  the  Associated 
during  the  twelve  months  ending  March  31,  1901 : — 


Laboratory 


and  4514  tests  and  analyses  of  various  kinds  were  made  in  the 
laboratory.  The  cost  of  this  work  (assay  expenses)  amounted  to 
2264/.  I  or.  id. 

Mr.  Alfred  James"  states  that  the  cyanide  consumption  in  the 
Boulder  Main  Reef  process  may  be  calculated  to  vary  from  i}  to 
2  lb.  per  ton  treated  ;  the  residues  assay  generally  from  i  to  2  dwt, 
varying  with  the  value  of  the  original  ore, 

Mr.  L.  Gilson,  in  a  special  Report  dated  March  2,  1900,  men- 
tions that  at  Boulder  Main  Reef  Mr.  Marriner  got  extractions 
of  from  93-6  per  cent  to  96  per  cent,  the  former  figure  being 
from  "  tailings  " ;  but  in  the  previous  month  the  percentage  was 
somewhat  lower,  as  it  was  found  that  in  dealing  with  material  of 
this  kind  of  low  grade  a  latter  profit  could  be  made  by  putting 
through  40  per  cent  more  tailings,  at  a  sacrifice  of  three  or  four 
points  in  extraction.  The  average  extraction  of  the  Boulder  Main 
Reef  process  would  appear  on  the  whole  to  be  between  91  and 


•  Of.  eil..  Tram.  Imt.  e/ Mining  and  Milallurgy,  p.  491. 
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95  per  cent.*  of  the  gold  contents  of  the  ore,  unless  it  is  exception- 
ally high  grade. 

As  regards  cost,  it  has  been  estimated  that  about  45.  might  be 
calculated  for  crushing,  41.  for  roasting,  and  izs^  for  treatment, 
which  would  bring  the  total  cost  to  20s.,  the  figure  Mr.  James 
mentions  it  was  originally  officially  estimated  to  cost. 

Whilst  this  figure  is  below  that  at  which  the  costs  at  first 
figured  out,  it  seemed  reasonable  to  suppose  that  by  working 
on  a  larger  scale,  with  lower  roasting  charges  and  general  improve- 
ments in  mechanical  details  and  oig^anisation,  the  costs  at  the 
Great  Boulder  Main  Reef,  which  averaged  29X.  8- 96*/.  per  ton 
from  July  to  December  in  1900,  although  they  only  amounted  to 
2&S.  7  ■  i%d.X  in  August,  might  be  considerably  reduced,  with  the 
new  furnaces  in  operation  ;  since  the  plant  was  then  running  only 
up  to  about  half  its  full  cyanide  capacity.  The  Company's  Annual 
Report,  July  30,  1901,  in  fact,  shows  that  this  was  the  case,  and 
that  the  average  costs  for  the  17  months  ending  May  3t  came  to 
26s.  lOd.  per  ton;  but  they  were  reduced  in  May  to  20s.g-S8if., 
with  an. extraction  of  94*7  per  cent. 

In  June  1901,  1815  tons  were  milled,  which  returned  2092  oz. 
The  average  assay  of  tailings  being  I  dwL  16  grs,,  the  extraction 
figured  out  at  93  per  cent. ;  and  returns  from  bye-products  smelted 
yielded  300  oz.  extra,  total  2393  oz.  The  return  for  July  was 
1977  tons  treated  for  2258  02.,  the  average  value  of  the  tailings 
being  i  dwt  13  grs.,  and  the  extraction  was  estimated  at  92*6 
per  cent. ;  1935  tons  of  ore  milled  in  August  yielded  2274  oz.  of 
bullion  ;  the  average  assay  of  tailings  being  l  dwt  15  grs.,  the 
extraction  was  92*7  per  cent. ;  and  the  cost  per  ton  for  treatment, 
22s.  lO-ggd. 

The  September  costs  amounted  to  22J.  4*7irf.  The  average 
cost  for  the  twelve  months  ending  September  1901,  is  given  § 
as  25^.  4^1/. 

Tables  giving  an  analysis  of  the  costs  and  particulars  of  extrac- 
tion for  the  year  ending  December  31,  igoi,  will  be  found  at  the 

*  The  Boulder  Main  Reef  Company,  in  a.  ciicular  dated  October  il,  1900,  stated 
tbal  their  extraction  ran  from  92  lo  97  pec  cent. 

t  Deducting  71.  6d.  (ronl  lu,  (7^.  td.  being  Mr.  James'  estimate  of  the  approximate 
cost  of  double  filtei-ptessing),  leaves  4^.  6d.  for  pan-amalgamation,  etc. 

X  The  details  were  as  follows :~ Crusher,  i'i'^-i  ball-mill,  i^.  6-451/.;  furnace, 
il.  3'4lii  ;  grinding,  u.  yfi'jd. ;  lilter-press,  4J.  yi^d.  ;  cyanide,  Jj.  lo-47i/. ;  steam, 
it.  S'37'/. ;  smelting,  3*62//  ;  assays,  2*331/. ;  water  and  condenser,  10*  ii^.  ;  nutn*^- 
ment,  i^.  o'23</.  ;  total,  il.  6s.  7'53./.  The  Author  is  indebted  for  these  figures  to  the 
coartesy  of  the  company,  who  kindly  placed  them  at  his  disposal. 

%  '  Wcitralian  Sulphide  Treatment,'  Financial  Time!,  November  21,  1901. 
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end  of  this  chapter.     In  July  1902,  2007  tons  were  crushed  and 
the  extraction  was  reported  as  94  per  cent. 

The  Great  Boulder  Perseverance  and  Kalgurli  companies 
pursue  a  somewhat  modified  form  of  treatment,  but  on  the  same 
general  lines  as  the  Great  Boulder  and  Boulder  Main  Ree£ 

The  Great  Boulder  Perseverance  Sulphide  Works. 

The  Author  is  indebted  to  the  company  for  their  courtesy  in 
placing  at  his  disposal  the  phot(^aphs  from  which  the  accom- 


Fio.  61.— The  Great  Bodldbr  Perseverance  Svlfhidb  Works. 

panying  views  of  the  works,  etc,  Figs.  61,  62,  63  and  67  have  been 
reproduced. 

These  works  started  regular  operations  in  August  1900,  and  the 
following  particulars  are  compiled  from  the  descriptions  given  of  it 
by  Mr.  Ralph  Nichols  in  the  Financial  Times,  in  a  letter  dated 
August  24,  1900 ;  an  article  in  Feilden's  Magazine,  November 
1900  ;  the  Company's  Annual  Report  issued  in  July  1901  ;  and  by 
Mr.  Robert  Allen.' 

The  plant  was  originally  designed  to  treat  260  tons  per  diem, 
or  to  average  about  7500  tons  per  month. 

*  Op.  eii.,  Rojal  Commission,  Gla^ow. 
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The  ore  raised  from  the  Main  Shaft  (known  as  No.  3  Shaft)  is 
delivered  about  60  feet  above  the  surface,  run  in  trucks  across  the 
Government  Railway,  and  dumped  on  grizzlies,  from  which  the 
coarser  portion  is  fed  into  a  No,  5  Gates  rock-breaker. 

The  breaker-product,  together  with  the  previously-separated 
fines,  are  kept  separate,  each  part  passing  over  a  second  grizzly, 
and  the  coarser  portion  rejected  here  is  fed  into  two  No.  3  Gates 
crushers,  the  product  of  which,  together  with  the  fines  from  the 
second  set  of  grizzlies,  falls  into  a  t200-ton  storage  bin. 

The  crushing  capacity  of  this  portion  of  the  plant,  which  is 
operated  by  a  60  horse-power  electric  motor,  is  equal  to  dealing 
with  400  tons  a  day,  whilst,  as  just  said,  its  storage  capacity 
provides  for  12O0  tons,  or  a  three  days'  supply  of  ore. 

From  the  main  storage  bin,  the  ore  is  either  elevated  in  cars, 
or  raised  by  means  of  a  belt  elevator,  fed  by  a  Challenge-feeder, 
to  a  trestle-way,  and  delivered  in  trucks  to  a  bin,  from  which  (if 
wet)  it  passes  through  two  cylindrical  dryers,  divided  internally 
into  quadrants,  and  heated  by  the  waste-gases  of  the  furnaces, 
and  is  re-elevated ;  otherwise  (if  dry)  it  is  trucked  direct  to  the 
feed-bins,  that  deliver  it  through  automatic  feeders  to  the  hoppers 
of  a  set  of  ten*  Griffin  mills,  fitted  with  15-mesh  screens,  capable 
of  crushing  30  to  40  tons  each  per  diem.  Generally,  however,  the 
ore  is  dry  enough  to  be  trucked  direct  to  the  Griffin  mill  bins, 

The  wear  and  tear  of  the  Griffin  mills  (including  renewals)  is 
estimated  to  amount  to  yd,  per  ton,  and  they  are  said  to  require 
25  horse-power  each;  crushing  through  15-mesh  .screens,  their 
capacity  is  rated  \  at  about  40  tons  each  per  diem. 

A  sizing  analysis  of  the  product  is  given  by  Mr.  Robert  Allen 
as  follows : — 

per  out.   I  per  cm. 

Pasaing;  through  a  lao  mesh  screen    73*6     I   Remuning  on  a  40  mesh  screen     .     4- 1 
RemaiDing  on        120  „  3*5     I  „  30  „  .     3*2 

„  80  „  6'5     I  „  lo  „  nil 

60  „  7'I     . 

The  dust  is  drawn  off  by  a  Sturtevant  fan,  settled  in  cyclone 
arresters,  and  collected  and  delivered  to  the  roasting  furnaces. 

The  ore  from  the  mills  is  delivered  by  screw  conveyors  and  ^ 
cross-set  conveying-belt  to  the  boot  of  an  elevator  (fitted  with 
14-inch   buckets),  which   raises  it  to  an  upper  Robins  belt-type 

*  Increased  lioM  to  iz. 

t  The  output  is  figured  by  Alfred  James  at  l>  to  15  torn  per  diem  in  a  No.  3,  to 
50  10  60  Ions  per  diem  in  a  No,  8,  depending  of  course  on  Ihe  hardness  of  the  ore  and 
other  things. — Cyjnidt  Fractiet,  p,  109.     See  also  note  p.  147. 
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conveyor,  by  which  it  is  distributed  to  the  feed-hoppers  of  six 
Holthoff-Wethey  mechanical  roasting  furnaces"  that  have  fixed 
horizontal  hearths  120  feet  long  by  12  feet  wide,  possessing  a 
capacity  of  6o  to  70  tons  per  24  hours.  Two  of  these  furnaces 
only  came  into  use  in  the  latter  part  of  1901. 

The  ore  is  stirred  and  carried  forward  by  means  of  eight  travel- 
ling rabbles  in  each  furnace,  and  less  than  '02  per  cent,  of  sulphur 
in  undecomposed  sulphides  is  left  in  the  ore  after  roasting.  The 
roasted  ore  is  discharged  on  to  a  cooling-floor,  below  the  bed  of 
the  furnace,  and  carried  back  along  the  whole  length  of  the  furnace 
by  rabbles. 

A  lai^e  brick  dust-chamber  is  provided  to  catch  the  dust,  about 
50  tons  of  dust  per  month,  or  about  i  per  cent,  being  thus  caught 
and  re-roasted. 

The  cooled  ore  is  taken  by  two  screw-conveyors  to  an  elevator 
which  delivers  it  to  a  Robins  conveyor  feeding  a  closed-in  5  feet 
diameter  "  mixer,"  in  which  the  ore,  by  the  addition  of  plant-water, 
is  formed  into  a  pulp  of  a  consistency  of  about  40  per  cent. 

The  pulp  overflowing  from  the  "  mixer "  is  distributed  to 
grinding  and  amalgamating  pans,  eight  pf  which  are  8  feet  in 
diameter,  of  Mr.  Nichols'  design,  and  three,  which  were  to  be 
replaced  by  four  larger  ones,  were  j  feet  in  diameter. 

These  pans  have  a  continuous  overflow,  and  about  50  per  cent 
of  the  gold  yield  is  recovered  by  them.  The  overflowing  pulp 
discharged  from  the  pans  is  led  off  to  twenty-four  agitation  vats 
(20  feet  in  diameter  and  4  feet  6  inches  deep),  which  hold  16  to  17 
tons  of  (dry)  slime  each,  and  are  fitted  with  agitator-paddles  of 
special  design,  and  provided  with  6-inch  bottom-discharge  gates. 

The  pulp  is,  it  appears,  first  washed  in  these  agitators  to  remove 
the  soluble  salts  in  solution,  which  are  decanted  off,  and  the  residual 
pulp  is  agitated  afterwards  with  strong  cyanide  solution,  for  from 
2  to  4  hours.  After  each  set  of  vats  has  been  in  use  about  six 
weeks  it  contains  a  small  deposit  of  sands,  which  is  shovelled 
out  and  put  back  into  the  pans. 

Each  set  of  six  vats  is  connected  with  a  montejus,  the  four 
being  worked  in  turn,  from  which  the  pulp  is  forced  by  air- 
pressure  into  twelve  Dehne  4^-ton  filter-presses,  each  holding  fifty 
3-inch  cakes. 

Between  55  and  66  pressfuls  can  be  treated  in  24  hours 

The  gold-bearing  liquor  from  the  presses  is  finally  pumped 

•  Described  by  H.  O.  Hcfman  in  The  Mineral  IndaHry,  vol  vi.  p.  44B,  in  an 
aclideon  'Recent  Impiovemenu  in  Lead- Smelling,'  and  in  tbe  Engineering  and  Mining 
jvurnal.  May  29,  189;. 
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through  a  large  Dehne  clarifying  press,  and  the  gold  is  precipitated 
in  seven  ordinary  zinc  extractor-boxes,  the  gold  being  recovered 
from  the  zinc  sludge  in  the  usual  way. 

The  residues  are  discharged  from  the  presses  upon  a  24-inch 
horizontal  belt  conveyor  below  them,  delivering  upon  an  inclined 
belt  conveyor,  Fig.  63,  from  which  they  are  dumped  ;  the  expense 
of  handling  being,  it  is  said,  thus  reduced. 

Power  is  furnished  by  a  450  horse-power  engine  •  of  the  Corliss 
type  (20  inches  by  36  inches  by  48  inches),  with  independent 
jet  condenser,  built  by  the  E.  P.  Allis  Company,  of  Milwaukee, 


Fig.  63.~DUMPiNG  Residues,  Gkeat  Bouldeb  Perseverance. 

which  was  stated  to  develop  375  horse-power  under  its  existing 
load.f  Steam  is  supplied  by  ten  Heine  water-tube  boilers,  each 
developing  200  (maximum)  horse-power  at  a  working  pressure  of 
135  lb.,  which  were  reported  to  be  more  economical  of  fuel,  and 
to  cost  less  for  repairs  than  Cornish  or  Lancashire  boilers  ;  whilst 
the  original  cost  of  their  installation  was  stated  to  be  30  to  40  per 
cent.  less.   Edmiston  filters  are  used  to  free  the  feed-water  from  oil. 

*  As  the  main  engine  drives  a  25-drill  compressor  and  other  machinery,  it  has  been 
supplemented  by  a  iy>  horse-power  engine  and  250  tcilowalt  generator.  The  furnaces 
a'e  operated  by  a 60  horse- power  motor  ;  and  a  60  horse-power  motor  and  two  20  horse- 
|iower  molois  were  installed  in  the  amalgamating  and  cyanide  department  in  1901. 

t  Financial  Times,  ^ulj  ii,  1901.     Report  of  the  Annual  Meeting. 
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The  Holthoff-Wethey  furnaces  are  reported  to  give  an  excel- 
lent roast,  and  seemed  to  be  economical  of  fuel,  although  at  the 
Mercur  mine,  Utah,  where  they  are  employed,  Jackling  •  furnaces 
were  installed  for  roasting  base  ore  ;  they  appear,  however,  to  have 
given  every  satisfaction  in  Western  Australia,  The  Robins  con- 
veyors seem  to  work  well,  provided  attention  is  given  to  secure 
a  proper  feed  ;  originally  V-shaped  launders  conveyed  the  roasted 
pulp  direct  from  a  cooling-floor  to  the  "  pans,"  but  they  required 
such  a  large  quantity  of  water  to  carry  the  ore  that,  to  quote 
Mr.  Nichols,  it  took  them  all  their  time  "  to  decant  the  water  that 
comes  from  the  product  of  one  furnace."  At  one  time  it  was 
also  thought,  I  believe,  that  Huntington  mills  would  be  preferable 
to  Wheeler  pans  as  amalgamators.  Such  mills  would  not,  however, 
grind  the  ore  fine  enough  to  take  the  place  of  "  pans " ;  and  it 
is  estimated  that  about  20  per  cent,  of  the  roasted  ore  required 
to  be  ground  finer  by  the  "pans." 

It  appears,  in  fact,  that  one  of  the  early  difficulties  that  was 
met  with,  was  owing  to  the  ore  not  being  delivered  to  the  filter- 
presses,  finely  enough  ground,  to  admit  of  a  proper  extraction. 
Commenting  upon  this  the  local  correspondent  of  the  Finaneial 
Times,  in  a  letter  dated  November  24,  1900,  remarked  that  the 
pans  were  required  to  do  work  that  should  be  done  by  the  Griffin 
mills ;  and  to  remedy  this,  suggested  crushing  through  finer  screens. 
To  overcome  this  trouble,  additional  pans  were  eventually  put  in, 
and  their  speed  was  increased ;  but  when  extra  pans  were  erected, 
it  was  intended  to  run  them  slower,  as  too  high  a  rate  of  speed  is 
disadvantageous  in  various  ways. 

The  "  zinc-dust "  method  of  precipitating  the  gold  from  the 
cyanide  solutions  as  employed  at  De  la  Mar's  Mercur  mines,  Utah, 
a  description  of  which  is  given  by  Mr.  D.  C.  Jackling  in  the  Mining 
and  Scitntific  Press  of  June  2,  I900,  was,  I  believe,  tried  at  first,  but 
was  abandoned  in  favour  of  ordinary  zinc  precipitation. 

The  arrangement  of  the  works  admits  of  elevating  the  tailings 
after  treatment  to  a  height  of  some  50  feet,  with  the  object  of  dis- 
tributing them  over  the  lease  ;  but  as  some  of  the  residues  in  1900 
ran  as  high  as  7  dwt.  to  the  ton,  they  were  too  rich  to  be  treated 
in  this  way  as  waste. 

The  reason  for  this  was  explained  in  the  Annual  Report  for 
1900  as  being  due  to  several  causes  besides  the  one  already  men- 

•  Engiiuering  and  Mining  yournal,  Deeembtr  30,  1859.  Not  the  "linc-fume" 
method,  devised  by  Mr.  H.  L.  Sulmsn,  Irani,  Inil,  of  Mining  and  Metallurgy,  vol.  iii. 
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tioned  ;  viz.  insufficient  pan-capacity  to  enable  the  ore  to  be  properly 
ground  ;  it  was  also  partly  due  to — 

(i)  The  poor  quality  of  the  mill  water  available.  (2)  The  for- 
mation of  reducing  agents  in  the  roasted  ore,  resulting  from  im- 
perfect roasting.  (3)  Inadequate  filter-press  capacity ;  resulting  in 
imperfect  washing  of  the  filter-press  residues. 

As  regards  the  salt-water  difficulty,  the  presence  of  magnesia 
salts  was  stated  by  Mr.  Nichols  to  have  caused  trouble  in  the  zinc 
precipitation-boxes,  a  flocculent  precipitate  of  hydrate  of  magnesia 
being  formed,*  which  coated  the  zinc  shavings  and  mixed  with 
the  zinc-sludge,  from  which  it  could  not  be  removed,  increasing 
the  bulk  of  the  material  to  be  treated.  In  strongly  alkaline  solu- 
tions, most  of  the  hydrate  of  magnesia  is  precipitated  in  the 
agitation  vats,  and  is  caught  in  the  filter-presses  and  thrown  out 
with  the  tailings,  but  it  causes  trouble  with  the  filter-cloths,  filling 
the  pores  of  the  cloth. 

Certain  constituents  of  this  water,  which  is  drawn  from  two 
mines  at  the  north  end  of  the  field,  were  found  to  act  as  cyanicides, 
unless  it  was  first  treated  with  an  alkali. 

As  regards  tfu  roasting  difficulty,  soluble  salts  are  liable  to 
result  as  a  consequence  of  poor  roasting,  and  both  destroy  cyanide, 
and  precipitate  gold  in  the  agitation  vats,  which,  being  caught  in 
the  filter-presses,  enriches  the  tailings.  Mr.  Nichols  remarked,  "  The 
presence  of  a  fraction  of  a  per  cent,  of  sulphides  in  solutions  will 
seriously  affect  the  extraction  results.  However,  if  the  sulphides 
exist  in  small  quantity,  they  can  be  removed  by  oxidising  agents, 
such  as  bleaching-powder  (chloride  of  lime) ;  this  we  have  tried 
from  time  to  time  with  good  results." 

As  regards  inadequate  filter-press  capacity,  Mr.  Nichols  said  that 
extra  presses  were  about  to  be  installed,  as  "  in  turning  out  a  large 
tonnage,  sufficient  time  cannot  now  be  taken  to  thoroughly  wash 
presses  before  dumping  tailings." 

With  a  good  roast,  Mr.  Nichols  believed  the  extraction  should 
be  from  90  to  96  per  cent,  and  he  remarked  that  "  there  is  no 
question  about  the  efliciency  of  the  metallurgical  treatment"  He 
also  stated  at  the  annual  meeting  in  July  1901,  that  as  soon  as  the 
new  installation  was  completed  the  works  would  be  able  to  treat 
10,000  tons  of  ore  a  month,  and  this  large  tonnage  would  not  affect 
the  grade  of  the  ore  put  through,  so  that  the  bullion  yield  should 
be  augmented  over  30  per  cent 

It  was  stated  in  the  Manager's  Report  for  the  year  ending 
•  This  tus  been  referred  to  in  Chspler  VIII,,  and  pieviously  in  this  chapter. 
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December  31,  1900,  that  75  per  cent  of  the  bullion  product  was 
recovered  by  amalgamation,  and  was  worth  about  4/.  per  oz.,  whilst 
the  cyanide  bullion  is  worth  from  3/.  to  3/.  \os.  per  oz.  The  costs 
in  September*  1900,  were  reckoned  at  38^.  91/.  per  ton,  whilst  the 
average  cost  in  1900,  treating  20,257  tons,  was  calculated  at 
34J.  ii"3i£/.  per  ton.  In  1901,  the  cost  gradually  came  down, 
however,  as  shown  below : — 


Unuftrj   . 
Pebniary . 

M4rch      . 
April 

T-culMlBl.      Coupe,  ion. 

£.    i.    d.    • 

S*S8           I  JS    4i    1    M«y     . 

4810            I   11     7      1    Jnne     . 

.         614a            "     8    ?i     1    July      . 

6760            1681    August. 

Tom  irnttd.      Cow  per  len. 
7»X3              I      3'    9i' 

7ax>           I    5    2* 
7aw           '50* 
7200            I    4    Oj 

Thee 

orresponding  yields  were  given  as ; 

;- 

JWry 
Febrauy     . 

,     4938       M,«ch              7^1       M.y        . 
6822       April          .     7395   1  June 

oz.                                 01. 
8,567      July         .     11,10 
10,170       August     .     10,79 

In  the  last  four  months  of  1901  the  capacity  of  the  sulphide 
plant  ranged  from  8000  to  8473  tons ;  and  the  average  cost  for 
the  year  was  given  in  the  Annual  Report  as  24J.  io*58(/.  per  ton, 
but  in  September  and  October  costs  were  stated  f  to  have  been 
reduced  to  2%s.  I  \d.  and  2lf.  \d.  respectively. 

In  1902  its  output  steadily  rose  from  8583  tons  in  January  to 
10,012  tons  in  June;  yielding  from  12,425  oz.  to  14,198  oz.  per 
month.  In  May,  June  and  July,  I  am  informed  that  the  results 
were  as  follows : — 

M.y.  Jii«.                Julr. 

Tons  treated       ....         9,824  lo.oix  10,492 

Yield,  01,           .         .                   .14,198  13,991  <4i636 

Cm!  per  ton      .        .        .       -.      141.  yi.  ati.  ^.  %u.  id. 

T/ie  Kalgurli  Sulphide  Works. 

The  plant  as  originally  designed  was  intended,  I  believe,  to 
have  a  capacity  of  between  50  and  lOO  tons  a  day,  and  consisted 
of  rock-breakers,  ball-mills  and  one  Ropp  furnace.  The  roasted 
ore  was  elevated  into  a  vat  containing  water,  and  then  run  over 
copper-plates  and  into  amalgamating- pans,  to  catch  any  coarse 
gold ;  the  sands,  after  amalgamation,  being  cyanided  in  vats,  and 
the  slimes  going  through  filter-presses.  The  capacity  of  the  furnace 
(which  is  no  longer  in  use)  appears  to  have  amounted  to  about 
50  tons  a  day  {1500  tons  a  month) ;  it  was  found,  I  believe,  on 
trial  that  air-separation  did  not  answer,  and  that  in  roasting  the 

"  Financial  Tiirus,  December  6,  1900. 

t  Op.  cit.,  '  West  Auitralian  Sulphides,'  November  11,  1901. 
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ore  the  coarse  gold  was  liable  to  become  incrusted  with  an  artificial 
coating  which  prevented  it  from  amalgamating,  so  that  it  formed 
beadj  which  escaped  over  the  "  plates  " ;  *  for  these  and  other  reasons 
the  general  arrangement  has  since  been  modified  on  lines  differing 
somewhat  in  details  from  the  other  sulphide  plants  on  this  "  field." 

The  following  interesting  particulars  of  the  present  works  as 
since  rearranged  are  mainly  excerpt  from  the  description  given 
of  them  by  Mr.  Frank  A.  Moss  in  the  Company's  reports  1900 
and  1901;  from  Mr.  Robt.  Allen's  more  recent  pamphlet;  and 
details  of  the  plant  given  in  a  letter  dated  March  15,  1902,  by  the 
local  correspondent  of  the  Financial  Times. 

The  ore  is  raised  to  "  the  brace  "  at  the  main  shaft  (a  height  of 
2fi  feet),  tipped  over  grizzlies  with  bars  set  i  inch  apart,  into  a  No. 
'*  C  "  Coinet  rock-breaker,  which  breaks  it  to  i  ^  inch  size. 

The  product  of  the  rock-breaker  was  formerly  conveyed  by  an 
endless  belt  to  a  set  of  "  Roger  "  rolls,t  16  inches  face  and  36  inches 
diameter,  which  reduced  it  to  i-inch  gauge,  and  the  stone  crushed, 
together  with  the  "  fines  "  from  the  grizzly,  fell  into  a  bin,  capable 
of  holding  about  zoo  tons.  From  this  shaft-bin,  the  ore  is  carried 
by  a  Bleichcrt  aerial  tram  to  the  mill,  a  distance  of  S70  feet  (the 
buckets  passing  over  a  suspension  weighing-machine,  which  registers 
their  correct  weight),  and  is  delivered  either  into  the  "damp"  or 
"  dry  "  ore-bin,  according  as  it  happens  to  be  wet  or  dry. 

The  capacity  of  the  former  of  these  bins  is  200  tons,  and  from 
the  damp  ore-bin  an  automatic  feeder  delivers  the  stone  into  a 
revolving  dryer,  of  the  Howell-White  type,  30  feet  long. 

After  passing  through  "  the  dryer,"  the  ore  is  carried  by  a  short 
scraper-conveyor  to  a  vertical  chain-and-bucket  Krupp  elevator, 
by  which  it  is  elevated  50  feet,  and  dropped  into  a  second  shaking- 
conveyor,  that  delivers  it  to  the  bin  of  the  ball-mills,  which  has  a 
capacity  of  100  tons.  From  this  bin  (into  which  the  ore  v)h£n  dry  is 
■delivered  direct)  the  dry-ore  is  fed  into  six  No.  5  Krupp  ball-mills  t 
by  automatic  feeders,  fitted  with  an  eccentric  push-feed  mechanism. 

'  Finaniial  Times,  letter  of  correspondenl,  April  17,  1900. 

t  FiQm  Mr.  Allen's  description  it  wonld  appear  that  this  pait  of  the  procem  hw 
been  modified,  and  ih«  ore  is  simply  crushed  by  the  Comet  roclc-bieaker  to  3}-illfh 
£Kuge  (the  grizzly  being  set  wiih  l-inch  spaces)  and  passes  direct  to  the  shiTt-bin, 

t  A  siting  analysis  given  by  Mi.  Robert  Alleo,  ap.  at.,  shows  : — 

Passing  a  i  so  mesh  screen  •         40  approximately 

„         80        „  .  ■         30  „ 

..        35       11  ■        ■        3°         ■■ 

Mr.  Moss  mentions  that  the  screen  tiie  used  wm  l6ca  meshes  per  square  inch  ; 

from  which  it  may  be  inferred  that  the  ore  is  now  being  cruihed  rather  coarser,  but  as 

Mr.  Argall  has  pointed  out  ('Sampling  and  Dry  Crushing  ia  Colorado'},  there  a,re  great 

Tariatious  in  the  neminal  sizes  of  screens.     The  four  original  mills  were  gear-driven,  but 

have  been  altered  to  bell-driven.  ,fiiio«f/a/7)m«,  letter  of  correspondent,  March  15,  190a. 

2   A 
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The  mills  crush  the  ore  to  pass  a  screen  of  No.  35  woven  steel 
wire-cloth,  crushing  through  which  the  mills  are  said  to  have  a 
capacity  of  about  25  tons  a  day  each.  After  it  is  crushed  the  ore 
is  sampled  at  intervals  and  falls  through  shoots  into  a  screw-con- 
vej'or,  set  at  right  angles  to  the  end  of  the  first  conveyor,  which 
delivers  and  distributes  it  over  a  iso-ton  bin.  From  here  the  ore 
is  fed  by  fluted  rollers,  to  nine  Edwards  roasting  furnaces,  each 
having  a  capacity  of  about  15  tons  per  24  hours.  It  was  proposed, 
however,  to  employ  gas-producers  for  firing  the  furnaces  with 
gaseous  fuel,  in  place  of  wood.  The  dust  drawn  off  by  the  chimney 
draught  is  caught  in  dust-chambers.  The  dust  from  the  ball-mills 
is  collected  by  a  45-inch  Sturtevant  fan,  and  carried  along  pipes 
to  three  "Cyclone"  dust-collectors.  This  dust,  which  is  in  the 
form  of  impalpable  powder,  and  was  formerly  treated  without 
roasting,  by  agitation  with  cyanide  and  filter-pressing,  is  now 
roasted  with  the  remainder  of  the  ore.  The  dust  from  the  furnaces 
is  caught  in  large  settling  chambers. 

The  roasted  ore  discharged  from  the  furnaces  falls  into  a  push- 
conveyor  delivering  on  to  a  second  conveyor,  and  is  raised  to  a 
height  of  45  feet  by  means  of  two  Krupp  chain-and-bucket  eleva- 
tors, from  the  head  of  which  it  is  dumped  into  a  closed-in  "  mixer," 
provided  with  a  propeller- shaped  agitator,  where  it  is  formed  with 
water  into  a  thin  pulp,  and  sluiced  through  a  3-inch  pipe  into 
seven  sets  of  conical  spitzkasten  classifiers,  each  set  consisting  of 
three  components,  which  separate  "  the  sands  "  from  the  slimes  by 
means  of  an  ascending  current  of  water. 

The  overflowing  slimes  pulp  passes  along  a  launder  into  four 
pyramidal  spitzliitten,  13  feet  long  and  7  feet  deep,  from  the  bot- 
tom of  which  the  slimes  were  discharged  in  a  thickened  condition 
(containing  35  per  cent,  of  water  only),  and  passed  into  nine  agita- 
tion-vats,* 12  feet  in  diameter  and  6  feet  deep,  holding  about 
1 1  tons  of  slime  each,  where  they  were  agitated  by  paddle  agitators, 
with  a  weak  solution  of  cyanide,  for  20  to  24  hours. 

They  were  then  emptied  into  two  pressure-tanks  worked  alter- 
nately and  forced  into  two  filter-presses,  each  press  holding  fifty 
3-inch  cakes,  or  appro.ximately  4  tons  of  dry  slime.  In  the  presses 
they  are  leached  first  with  a  weak  solution  of  cyanide,  and  then 
washed  with  water,  which  is  driven  out  by  forcing  compressed  air 
through  the  cakes.  The  gold  is  recovered  in  two  (slimes)  zinc 
extractor-boxes. 
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The  surplus  water  escaping  from  the  spiizlUtten  goes  back  to 
the  circulating-water  storage  tanks. 

The  heavy  material  whidi  settles  iti  tlte  spitskasteii  classifiers, 
consisting  of  gold,  concentrates  and  sands,  falls  to  the  bottom  and 
is  delivered  by  i-inch  pipes  to  two  copper-plate  tables  (10  feet  by 
S  feet),  and  then  passes  over  four  Halley  (percussion)  concent  rating- 
tables.  The  tailings  iroxa.  these  (consisting  ofclean  sand)  are  treated 
in  the  cyanide  vats. 

Tlie  coftcentrates  caught  on  the  Halley  tables,  which  are  stated  • 
to  average  about  5  oz.  per  ton,  and  to  amount,  according  to  the 
sweetness  of  the  roast,  to  about  2\  per  cent  of  the  ore,  are  ground 
and  amalgamated  in  two  5  feet  diameter  Wheeler  pans,  which  re- 
cover, it  is  said,  about  65  to  75  per  cent,  of  the  gold  the  concentrates 
contain. 

Tlie  pan-pulp,  continuously  overflowing,  was  thickened  in  a  large 
pyramidal  spitzkasten,t  10  feet  long  by  6  feet  wide,  and  the 
thickened  pulp,  of  a  consistency  of  about  i :  i  underflowing  (before 
the  process  was  modified  as  described  in  the  footnote  on  p.  357), 
passes  into  two  agitation-vats,  each  10  feet  in  diameter  and  6  feet 
deep,  containing  about  10  tons  of  slimes,  and  was  agitated  by 
paddles  with  cyanide  solution,  discharged  into  a  montcjus,  and 
filter-pressed  in  a  4-ton  Dehne  press,  the  liquor  from  which  goes 
through  a  special  zinc  extractor-box. 

The  sands  (the  tailings  of  the  Halley  concentrators)  are  caught 
in  a  sump,  elevated  by  compressed  air,  and  sluiced  with  water  along 
a  steel  launder,  through  branch  launders,  into  a  series  of  twenty 
cyanide-vats  of  100  tons  capacity  (22  feet  diameter  and  7  feet  deep), 
where  they  are  settled  ;  the  upper  tier  of  vats  are  fitted  with 
"  distributors,"  which  distribute  the  sands  all  over  them  ;  and  the 
overflow  water,  containing  a  little  slime,  runs  out  at  the  top  of  the 
vat,  along  a  launder,  into  the  water-tank,  from  which  it  is  pumped 
by  two  belt-driven  6-inch  plunger-pumps  to  the  overhead  supply- 
tanks. 

When  a  cyanide  vat  is  full  of  sands  (approximately  95  tons), 
it  is  discharged  into  the  vat  below,  the  water  is  drained  off"  at  the 
bottom,  and  the  cyanide  solution  is  run  on  ;  the  time  of  treatment, 
including  filling  and  emptying,  occupies  from  22  to  30  days  for 
each  chaise ;  the  strong  solution  first  run  on  is  drawn  off  below 

•  Financial  Times,  letter  of  correspondenl,  dated  IkUrch  15,  1902. 
t  The  overflow  of  Ihis  ipilzkasten,  consisting  of  clear  water,  is  returned  to  the  plant- 
water  storage-lank,  and  the  pan-slimes  are  now  treated  as  described  in  Ihe  footnote  on 
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the  filters  for  some  time,  and  continuously  delivered  ou  the  top  of 
the  sands  by  an  air-lift,  which  aerates  the  solutions  as  well. 

The  gold  solutions,  both  from  the  vats  and  filter-presses  (pre- 
viously clarified  when  necessary  by  means  of  an  Excelsior  press), 
pass  through  the  pipes  to  the  precipitating  house,  where  the  gold  is 
precipitated  on  zinc-shavings  in  two  (sand)  zinc  extractor-boxes, 
and  is  recovered  in  the  usual  way. 

Handling  ore  yielding  over  30  dwt.,  the  consumption  of  cyanide 
was  reduced  to  about  2  lb. 

T lie  extraction  in  1901,  is  stated  to  have  averaged  90  8  percent, 
but  an  average  approaching  93  per  cent,  was,  I  believe,  anticipated 
for  the  future, 

Tlie  machinery  is  operated  by  a  300  nominal  horse-power  cross 
compound  Corliss  engine;  a  10  nominal  horse-power  engine,  which 
works  the  aerial  tram;  a  I2  nominal  horse-power  engine,  which 
drives  the  separation  and  agitation  machinery ;  and  the  electric- 
light  engine  and  dynamo. 

Steam  is  generated  by  three  120  horse-power  multitubular 
boilers. 

Air  for  the  filter-presses  and  "  circulators  "  of  the  cyanide  vats  is 
supplied  by  a  three-drill  belt-driven  air- com  pressor,  operated  by  the 
main  engine,  which  also  runs  a  belt-driven  winch,  for  hauling  fuel, 
as  well  as  the  machinery  in  the  machine  and  fitting  shops. 

The  ball-mills  crush  through  extremely  fine  screens  (as  before 
said),  and  this  reduces  their  capacity  but  increases  the  gold  ex- 
traction. 

The  Ropp  furnace  which  was  at  first  installed  was  fed  by  means 
of  two  screw-conveyors  fitted  with  differential  pulleys  to  regulate 
the  feed.  Its  hearth  was  150  feet  long  and  14  feet  wide,  and  the 
ore  was  carried  along  it  by  six  sets  of  rabbles  attached  to  carriages 
running  on  rails  down  the  centre  and  returning  on  the  outside.  It 
was  stated  to  have  had  a  capacity  up  to  70  tons  per  diem,  the 
roasted  ore  containing  approximately  02  per  cent  of  sulphur 
remaining  as  sulphide.  The  time  taken  to  roast  "sweet"  was 
found,  however,  to  be  longer  than  was  at  first  anticipated.* 

The  air  s^arators  which  were  at  first  tried  gave  trouble  in 
collecting  the  dust,  in  consequence  of  which  the  present  system  of 
wet-separation  was  adopted. 

Two  sets  of  three  spitzkasten  of  the  ordinary  type  were  put 

•  In  a  letter  daled  July  17,  I901,  the  Kilgoorlie  correspondent  of  the  Financial 
7imti  ujd,  bive  out  of  nine  Edvuds  roasters  were  on  their  way,  and  the  furnace  Ibal 
was  in  use  would  probably  be  dismantled  in  September. 
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in,  built  of  wood,  and  worked  well  to  start  with,  but  a  peculiar 
difficulty  subsequently  arose,  as  they  are  stated  to  have  corroded 
up  with  a  growth  of  sulphate  of  lime  and  magnesia. 

Two  sets  of  three  cone-shaped  spitzkasten  made  of  sheet  iron 
were  then  constructed,  and  are  said  to  have  done  30  per  cent,  more 
work,  though  only  one-half  the  size  of  the  wooden  ones. 

The  spitsliitteit  put  in  to  reduce  the  quantity  of  water  in  the 
slimes  were  also  reported  to  answer  this  purpose  well, 

Mr.  Moss  further  stated  that  the  air-lifts  for  circulating  and 
aerating  the  cyanide  solutions  in  the  cyanide-vats  are  applied  in  a 
manner  which  he  claims  is  entirely  novel,*  and  that  their  use  has 
proved  a  success :  not  only  keeping  the  solutions  constantly  moving 
through  the  sands,  whereby  fresh  surfaces  of  gold  are  exposed  to 
fresh  solutions,  but  saving  both  cyanide  and  zinc,  as  only  about 
60  per  cent,  of  the  usual  quantity  of  solutions  is  sent  down  to  the 
zinc-boxes,  and  the  ore  can  be  washed  more  thoroughly  without 
unduly  increasing  the  quantity  of  solutions  accumulated. 

The  ore  is  exceptionally  pyritic  and  high-grade,  and  concentra- 
tion and  amalgamation  form  an  important  part  of  the  process,  as 
approximately  50  per  ccnt.t  of  the  total  gold  contents  were  formerly 
saved  in  this  manner,  and  the  slimes,  free  gold  and  concentrates 
having  been  separated  from  the  sands,  the  latter  are  rendered 
almost  as  suitable  for  direct  cyanidation  as  clean  sands  from 
oxidised  ore. 

By  grinding  the  sands  to  a  slime  and  filler-pressing,  more  gold 
could  doubtless  be  extracted  from  them  ;  but  against  the  increased 

*  In  the  company's  repoit  for  tbe  yeai  ending  July  31,  1901,  the  uiipe  manager 
letaarks,  "  In  the  matter  of  iifitkting  tlie  '  slimes '  «e  have  made  a  great  improvemen 
in  the  piOMSS.  Inilead  of  mechanical  aeitation  in  large  open  vati  we  nov  run  the 
ilimet  after  separation  into  pressure-tanks  coDnectod  with  the  fi  Iter -presses.  In  these 
thcT  are  agitated  by  compressed  air  al  a  low  pressure  for  only  three  hours  as  against 
twenty-four  hours  in  the  open  vats,  and  the  extraction  is  invariably  better,  whilst  there 
is  a  considerable  economy  in  cyanide  consumption,  time  and  power."  This  inodi5cation 
of  tbe  original  process  is  described  by  the  Kalgoorlie  correspondent  of  the  Financial 
Timet,  in  a  letter  dated  March  15,  lgo2,  as  follows  ;— The  thickened  pulp  from  the 
hydraulic  separators  is  run  continuously  into  the  agitation  pressure- tanks  (live  in  number), 
each  having  a  capacitf  of  6  tons  of  dry  slime.  The  cyiuiidc  solution  is  here  added,  the 
ttrengtb  usually  being  0*075  KCy.  Tbe  whole  is  now  agitated  with  compressed  air  (at 
about  20  lb.  pressure  per  square  inch)  for  three  hours,  when  all  the  available  gold  is 
brought  into  solution.  The  residues  in  February  assayed  I '4  dwt.  The  slimei  from  the 
pans,  after  thickening  in  a  settler,  are  similarly  dealt  with  (being  agitated  for  four  hours), 
and  the  residues  in  February  usayed  2*2  dwt.  It  is  not  slated,  however,  whether  the 
cost  is  less  or  more  than  with  mechanical  agitation. 

t  Mr,  Robert  Allen  oliserves,  "  About  2J  per  cent,  of  the  gold  yield  is  recovered  by 
the  amalgamated  copper-lablei  and  the  Wheeler  pans,  the  remainder  retnltiitg  from 
cyanide  treMment  of  the  sands  and  slimes." 
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return  would  have  to  be  set  the  expense  of  grinding,  and  the  higher 
costs  of  fiher-pressing,  and  Mr.  Moss  therefore  expresses  the 
opinion  that  the  extra  gold  recovered  would  not  meet  the  extra 
cost  involved.  When  in  full  operation,  it  was  estimated  that  "  the 
plant "  would  be  able  to  treat  a  minimum  of  2000  tons  of  sands 
and  about  1200  tons  of  slimes  monthly.  The  bullion  produced  has 
been  of  about  0-850  gold  fineness. 

The  costs  for  the  year  ending  July  20,  igor,  are  shown  on  the 
following  cost-sheet. 


Total  loDi  uaacd  '%,^i 

.  Total rkM in lunlud sold  i<i,96toi.  idvt.  >i 
^  Arenge  yield  per  tun  i'340i. 

Avmca  valgc  of  n^uM .  s-ji  dwt. 


Superintendence 

Rock-breaker  (including  poi 

Sleam  power 

Aerial  tram  . 

Ore-diyei,  conveyor  and  elevil 

Ball-niilU 


cyaniding  and  nltct-pres»ng 

Oiling  and  attendance    . 
Electric  lighting    . 
Precipitation  and  smeltirj; 
Assaying 
General 


(.As  per  profit  and  lots  account)  ■ 


alCoJifiHYor. 


5.473 
9-714  1 


Amase  Cow  bit  YcBi-. 


6- 18 


9-a8 

6- 16 
8-28 

8-83 


30,718    4    6 


At  the  company's  annual  meeting  in  December  1901,  it  was 
stated  that  the  plant  for  the  last  four  months  had  averaged  1450 
tons,  but  with  the  additions  being  made  to  it,  it  was  estimated  to 
be  capable  of  treating  3500  tons  a  month.  The  costs  during  the 
previous  eight  months,  treating  about  1500  tons  per  month, 
Mr.  Black  stated,  had  averaged  about  %zs.  a  ton,  or,  adding  3^.  6rf. 
for  general  expenses,  35J.  6d.     He  hoped,  however,  to  reduce  the 
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cost  of  32J'.  to  about  25^.  per  ton,  and  that  the  general  expenses 
would  be  proportionately  less.  The  extraction  was  expected  to 
average  over  90  per  cent 

In  February  1902,  lOio  tons  were  treated  for  a  return  of 
1265  oz.,  and  the  average  of  the  residues  was  given  *  as  i  '5  dwt. 
The  staff  of  the  works  is  stated  to  consist  of  one  man  on  each 
shift  to  run  the  six  ball-mills,  and  deliver  the  ore  to  the  roaster- 
bin  ;  two  men  to  do  all  the  work  in  connection  with  the  nine 
roasters ;  and  three  men  to  attend  to  the  separation  of  the  slimes, 
concentration,  amalgamation,  and  sands-treatment.  In  the  General 
Manager's  Report  for  the  year  ending  July  26,  1902,  the  costs, 
reckoned  upon  15,120  tons  crushed,  are  stated  to  have  averaged 
23J.  6'23rf.,  or  adding  If,  Z'\zd,  per  ton  for  administration  and 
general  expenses,  2<,s.  2'$$d.  per  ton. 

TAe  Diehl  Process. 

This  has  been  called  by  Mr.  Alfred  James  the  concentration- 
sliming-bromo  cyanide  process,  and  the  following  is  a  general  out- 
line of  the  method  adopted.  The  ore  is  first  wet-crushed,  the 
coarse  gold  is  amalgamated,  and  the  "  sands  "  and  "  slimes  "  which 
constitute  the  battery  pulp  are  classified  in  hydraulic  classifiers. 
The  richer  tellurides  and  heavier  sulphides  contained  in  the  coarse 
product  of  the  •'  classifiers  "  are  separated  by  concentration,  whilst 
the  tailings  of  the  "concentrators"  are  ground  in  "tube-mills,"  pro- 
vided with  flint  or  agate  balls,  and  the  resulting  product,  consisting 
of  "slimes,"  is  agitated  with  cyanide  in  conjunction  with  bromo- 
cyanide,!  and  filter-pressed  ;  the  gold  being  precipitated  on  zinc 
shavings  in  the  ordinary  way.  The  details,  however,  as  will  be 
seen,  differ  somewhat  in  different  mills,  and  no  doubt  experience 
will  suggest  modifications  and  improvements,  as  time  goes  on. 

Mr,  H.  Knutsen  explains  the  chemical  principles  of  the  process 
as  follows  X  : — 

"  Reverting  to  the  theory  of  <:yaniding  and  the  so-called  Eisner 
formula,  I  would  remark  that  in  my  opinion  it  is  not  pure 
oxygen  which  liberates  cyanogen,  but  its  allotropic  form,  ozone, 

*  Fiuancial  Timti,  April  14,  19D3. 

t  The  cheirislry  of  the  icacllon  Ukiiif;  place  between  bromo-cymogen  ami  finely 
pulTcriseil  tellariiies  of  gold  ii  however  admitted  to  be  somewhat  obscure,  fiJt  Mr.  H.  L. 
Sulmaa's  remarks  on  the  subject.  Trans.  Insl,  ef  Mining  and  JUtlailurgy,  vol.  viii.  p.  507. 
The  matter  is  dealt  with  by  Mr.  Sulman,  Uid.  vol.  iiL  ;  C.  G.  Warnford  Lock,  in  Gold 
Milling,  and  Alfred  James  in  Cyanidt  Practice,  also  give  additional  information  re- 
garding bromo-cy  an  ide  and  its  ap[)licaiions,  which  isof  fp'eat  interest. 

X  Of.  cit.,  p.  aga. 
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which  is  known  to  occur  in  water,  and  especially  where  water  is 
evaporating-  The  eflfect  of  ozone  on  potassium  iodide  is  well 
known,  and  I  suppose  it  has  an  analogous  effect  on  potassium 
cyanide.  Adopting  OiO  as  the  symbol  for  ozone,  I  think  the 
reaction  takes  place  according  to  the  following  formula ; — 


Cy  -  Au  -  KCy 
KCy 


fKCy  +  Au  +  KCy  .K       fCy-Au 

0,0  +  ■{  =  O,  +  O         +  ■< 

iKCy  +  Au  +  KCy  'K       (Cy  -  Au 

"  This  formula  expresses  the  principle  of  the  McArthur- Forest 
process.  As  oxygen  acts  as  the  liberator  of  cyanogen  in  this  pro- 
cess, later  inventors  spoke  of  the  oxidising  effect  of  the  oxygen,* 
and  some  proposed  to  add  a  strong  oxidant,  as  sodium  peroxide 
(NajOj),  potassium  permanganate  (KMnO,),  or  potassium  per- 
sulphate (KSO4).  According  to  my  own  results  all  these  'im- 
provements,' especially  on  sulpho-telluride  ores,  are  worse  than 
valueless.  About  i8go.  Dr.  Roesler  found  that  an  addition  of 
potassium  ferricyanide  to  the  solution  of  potassium  cyanide 
materially  assisted  and  increased  the  extraction.  Moldenhauer 
has  included  this  chemical  in  his  process,  and  has  described  it  as 
an  'artificial  oxidising  agent'  This  is  a  most  misleading  desig- 
nation of  potassium  ferricyanide,  and  can  only  be  ascribed  to  a 
complete  misunderstanding  of  the  nature  of  this  chemical.  It  is 
a  splendid  liberator  of  cyanogen,  but  its  great  faults  are  its  ex- 
pensiveness,  and  that  it  gives  dirty  precipitates  in  the  zinc  boxes. 
Its  action  may  be  seen  from  the  following  formula  : — 

f  KCy  +  Au  +  KCy  K )       AuKCy, 

K,FeiCyn  +  <  =  K«Fe,Cy„  >  + 

(KCy  +  Au  +  KCy  "  KJ       AuKCy, 

=  2K*FeCy(  4-  aAuKCy^ 

"  Instead  of  an  oxidation  process,  there  is  a  reduction  process,  in 
which  potassium  ferricyanide  takes  up  two  atoms  of  K  from  the 
KCy,  whereby  two  molecules  of  Cy  are  liberated  to  attack  the 
gold.  It  is  a  well-known  fact  that  old  solutions  which  have  circu- 
lated a  few  times  through  the  plant,  are  more  active,  and  give  a 

*  Author's  note,  C.  G.  Wamford  Lock  Kmarks  :  "  When  dissolved  oxidanlB  «re 
used,  such  >s  hydrogm  peroxide,  etc,  the  tendency  is  to  oxidise  othci  ore  compouodt 
also— the  iron  pyrites,  copper  sulphide,  etc.— with  fatal  results  to  the  potasjiam  cyanide. 
In  the  case  of  the  latter  mineral,  and  in  thox  of  arsenical  and  anlimonial  compoimds, 
the  production  of '  cyaoicides '  is  iniensiHed  by  the  caustic  potash  produced  in  the  solvent 
reaction  giving  rise  to  soluble  nilphides."— Cui/  Milling,  by  C.  G.  Wamford  Lock. 
P-S64-: 
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better  extraction  with  a  less  consumption  of  cyanide.  The  reason 
for  this,  I  believe,  is  the  content  of  potassium  ferricyanide,  always 
found  in  old  solutions.  In  presence  of  gold  and  potassium  cyanide 
this  will  again  be  reduced  to  ferrocyanide. 

"  In  connection  with  this  I  may  mention  a  fact  which  I  do  not 
remember  to  have  noticed  in  any  text-book,  viz.  that  hydro- 
ferricyanic  acid  (i.e.  potassium  ferricyanide  in  an  acid  solution) 
will  liberate  iodine  from  potassium  iodide  according  to  the  equa- 
tions : — 

(1)  HC1+  KI  =  HI  +  KCl. 

(2)  K.Fe,Cy„  +  6HCI  =H,Fe,Cy„  +  6KCi. 

(3)  H.Fe,Cy„  +  2HI    =  2H.FeCya  +  2I. 

"  By  addition  nf  starch  to  the  solution,  the  well-known  blue 
colour  will  appear  ;  this  will  disappear  on  addition  of  a  solution  of 
sodium  thiosulphate. 

"  The  credit  of  applying  bromo-cyanide  is  due  to  Sulman  and 
Teed,*  and  the  process  was  fully  described  by  them  in  Transactions, 
vol.  3  (ii.)  p.  202.  It  has  proved  of  great  value  in  Kalgoorlie, 
making  it  possible  to  treat  the  ores  in  a  cheap  and  effective  manner 
without  any  complicated  process.  The  following  formula  illustrates 
the  reactions : — 

KCy  +  Au  +  KCy  \  _  „„        aA-KCv 
BrCy  +  Au  +  KCy  /  "  ^^^  +  2AuK.Cy,. 

"  Thus  the  cyanogen  bromide  not  only  liberates  one  molecule  of 
cyanogen  from  the  used  KCy,  but  at  the  same  time  gives  o(f  its 
own  cyanc^n.  Metallic  gold  is,  as  we  know,  insoluble  in  an  air- 
free  solution  of  KCy,  as  also  in  a  solution  of  BrCy.  It  is,  there- 
fore, an  exceedingly  pretty  laboratory  experiment  to  have  in  one 
test-tube  a  solution  of  KCy,  in  which  some  leaf  gold  is  put,  and  in 
another  test-tube  a  solution  of  BrCy,  also  with  some  leaf  gold.  On 
shaking  these  two  test-tubes  up,  no  difference  will  be  seen.  If 
now  the  one  test-tube  is  poured  into  the  other,  it  will  be  seen  that 
the  leaf  gold  will  dissolve  instantaneously. 

"  One  would  think  that  chloro-cyanide  would  be  just  as  effective 
as  bromo-cyanide  in  liberating  cyanogen,  and  thereby  assisting  the 
extraction.  When  I  tried  it  1  found  that  worse  results  were  obtained 
with  chloro-cyanide  than  with  plain  potassium  cyanide  solution. 

"In  the  Table  {p.  362)  will  be  seen  the  results  of  treating 
slimes  with  plain  cyanide  solution,  compared  with  treating  them  by 
a  solution  of  KCy  in  combination  with  bromo-cyanide." 

nt  of  sulpho-telluride 
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Apart  from  the  use  of  bromo-cyanide  in  the  process  {an  appli- 
cation by  Dr.  Diehl  of  the  original  discovery  made  by  Mr.  H. 
L.  Sulman  and  Dr.  Teed),  its  principal  feature,  as  already  explained, 
depends  upon  fine-crushing  the  ore  wet,  thus  avoiding  the  expense 
of  roasting,  by  which,  as  Mr.  Alfred  James  has  pointed  out,"  a  con- 
siderable saving  (depending  on  the  type  of  furnace  used)  is  effected. 

It  would  seem  that  there  should  also  be  a  saving  on  the  cost  of 
wet-  as  compared  with  dry-crushing,  and  single  as  compared  with 
double  filter- pressing,  or  washing  in  spitzkasten,  although  this  latter 
item  would  not  represent  a  large  amount  in  any  case  ;  but  the  fine- 
ness to  which  the  ore  must  necessarily  be  reduced  leaves  it  a  some- 
what open  question  still,  whether  fine  crushing  and  grinding  the  raw 
ore  in  bulk,  is  not  proportionately  more  expensive  than  sliming  the 
roasted  ore  in  continuous-working  pans,  notwithstanding  the  ex- 
pense that  always  attends  the  use  of  machinery  of  the  latter  class. 

The  advantages  claimed  for  the  process  t  are,  I  believe,  stated 
as  follows : — 

I.  No  loss  of  values  in  dust,  or  injury  to  the  health  of  the 
workmen,  2.  Highest  extraction  obtained  from  telluride  ores,  and 
no  erratic  results.  3.  The  gold  h  deposited  in  the  zinc  boxes 
ready  to  be  taken  out  for  smelting  within  three  days  after  the  ore 
enters  the  mili,  and  there  is  no  dragging  about  of  high  values  for 
weeks,  and  no  retreatment  of  tailings,  or  repeated  handling  of  the 
ore.  4.  The  roasting  of  the  bulk  of  the  ore  is  avoided ;  only  the 
pyrites  of  the  richer  ore  forming  from  5  per  cent  to  7  per  cent,  of 
the  bulk  is  roasted,  and  as  this  is  to  a  large  extent  self-burning,  the 
costs  of  roasting  are  low ;  with  low-grade  ore  the  concentration 
and  roasting  are  dispensed  with,  the  ore  merely  being  ground  fine, 
and  treated  by  chemicals. 

Mr.  Alfred  James  mentions  several  difficulties  to  be  appre- 
hended in  pursuing  this  method  of  treatment,  and  comparing  it  with 
the  Boulder  Main  Reef  process,  refers  to  royalty  charges,  and  the 
extra  expense  of  bromo-cyanide,  which  is  a  considerable  item  ;t 
he  specially  points  out  that  finer  grinding  is  likely  to  be  found 
necessary  than  is  needed  in  the  roasting  process,  whilst  he  con- 
sidered it  probable  that  heavier  cyanide  consumption  would  be 
entailed   in  the   Diehl  process,  owing   to  the   reaction  of  bromo- 

t.  Iml.  0/  Mimngand  Mitallurgy,  vol.  y 

I  Mr.  V. 
t  i  lb.  pet  ion,  costing  fiom  i^.  lo  i. 
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cyanide  with  the  various  sulphides,  copper,  and  metallic  iron,  that 
are  contained  in  the  pulverised  ore.  It  may  also  (if  ordinary  mine 
water  is  used),  as  Mr.  James  remarked,  involve  smelting  chaises 
on  (4  per  cent,'  or  more)  concentrates,  if  risk  of  loss  of  gold,  ex- 
perienced in  roasting  ore  charged  with  salts  found  in  the  Kalgoorlie 
waters,  is  to  be  avoided.  Moreover,  under  certain  circumstances 
it  may  happen  that  the  residues  might  be  considerably  higher  than 
those  which  the  roasting  process  leaves  behind,  though  this  con- 
tention was  traversed  by  Mr.  H.  L.  Sulman,  on  the  ground  that 
the  first  trial  run  at  Hannan's  Star  showed  only  10  gr.  of  gold 
left  in  the  tailings,  and  a  later  cable  announced  a  93^  per  cent, 
extraction  on  raw  ore,  originally  assaying  16  dwt.  16  gr,,  which 
gave  a  residual  value  of  but  1 5  gr.  per  ton.t 

Mr,  James  adds,  in  discussing  this  question,}  that,  although 
as  a  rule  the  value  of  residues  can  be  decreased  by  longer  treat- 
ment, or  finer  grinding,  "with  unroasted  tellurides,  a  point  seems 
to  be  reached  beyond  which  further  treatment  can  do  absolutely 
nothing  at  all  in  reducing  the  values  of  the  unroasted  fines."  This, 
he  said,  is  confirmed  by  ofificial  results  of  the  Diehl  process,  "It 
will  be  seen  that,  with  ore  assaying  16  dwt.  14  gr.  per  ton,  the 
final  residues  were  26  gr.  It  must  be  remembered,  however,  that 
of  this  16  dwt.  [4  gr.  per  ton  we  must  allow  for  the  amount 
extracted  by  the  plates  as  well  as  by  concentration.  Thus,  if 
we  allow  for  a  recovery  of  between  15  and  20  per  cent.,  or  say, 
2  dwt.  14  gr.  on  the  plates,  and  40  per  cent,  of  the  remaining 
14  dwt  in  the  4  per  cent  concentrates  .  .  .  this  leaves  the  assay 
of  the  material  treated  by  the  Diehl  process  at  SJ  dwt.  per  ton, 
and  there  must  be  some  reason  for  the  residues  from  these  tailings 
being  finally  discharged  at  so  high  a  figure  as  26  gr.  instead  of 
10  gr.  per  ton."  "This  is  still  more  noticeable  with  recent  work  on 
Hannan's  Brownhill  ore.  In  this  case,  with  richer  ores  the  final 
residues  are  2  dwt  6  gr." 

Difficulties  may  also  occur  in  treating  the  "  gold  slimes,"  owing 
to  the  presence  of  precipitated  tellurium  in  the  zinc-boxes,  to  which 
Mr.  A.  C.  Claudet  called  attention,^  as  previously  mentioned  ;  but 
Mr.  Sulman  said  he  was  inclined  to  think  that  there  were  com- 
pensating influences  at  work,  and  that  tellurium  in  solution  as  a 
soluble  tellurite  was  gradually  eliminated  from  the  working-solu- 

•  In  Ihe  Gnt  ptriod  of  working  at  llinnui's  Stat  Ihe  qunnlily  of  concentrales  obtained 
waslesi,  vie  3  per  cent  of  the  ore  (H.  KnuiKn,  op.  tit.),  bat  this  the  Author  believei  to 
be  a  low  average  figure.         t  Irans.  Issl.  0/  Mining  and  Mitallurgy,  *ol.  viii.  p.  513. 
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tions  as  an  insoluble  compound.  It  U  important,  I  believe,  that 
sulphide  ore  should  be  treated  as  it  comes  from  the  mine,  so  as  not 
to  have  time  to  oxidise;  and  the  process  undoubtedly  appears  to 
be  one  likely  to  need  the  constant  and  particularly  careful  super- 
vision of  a  skilled  metallurgical  chemist. 

The  company  owning  the  Diehl  patents  guaranteed,  it  appears 
in  the  first  instance,  to  extract  85  per  cent,  or  more  "  from  some  of 
these  telluride  ores,  and  in  actual  practice  it  has  considerably  ex- 
ceeded this  percentage-t  Its  ultimate  measure  of  success  would, 
therefore,  seem  to  hinge  mainly  on  the  question  of  the  expense  of 
securing  as  high  an  average  relative  standard  of  extraction  as  that 
obtained  by  olher  methods,  a  point,  in  the  absence  of  conclusive 
evidence,  that  it  must  be  left  to  time  and  results  to  determine. 

Originally,  I  believe,  it  was  anticipated  that  the  cost  was  not 
likely  to  exceed  i6s.X  to  zos.%  a  ton,  and  a  we  It -recognised  metal- 
lurgical authority  some  time  since  seemed  to  be  of  this  opinion,  as 
he  estimated  that  on  a  large  scale  the  Diehl  process  should  not  cost 
more  than  15 J.  per  ton.  From  particulars  that  have  been  made 
public,  it  would  appear  that  in  the  case  of  the  first  trial  lot  of  250 
tons  treated  at  Hannan's  Star,  the  actual  cost  of  treatment  came  to 
28j.  31/.II  a  ton  (including  realisation  of  the  concentrates),  whilst 
the  original  trial  of  the  process  at  Lake  View  was  reported  locally 
to  have  cost  about  25^.  a  ton,  allowing  for  royalties. 

In  1901  the  costs  at  Hannan's  Star  were  said  to  be  28j.  per  ton, 
with  a  saving  of  93  per  cent.,  and  the  company  was  reported  1  to 
have  entered  into  a  contract  to  treat  1500  tons  or  more  of  telluride 
ore  from  the  Oroya  mine  at  45J.  a  ton,  with  a  guarantee  to  save 
90  per  cent.  The  cost  of  the  process  at  Lake  View  has  recently 
been  brought  down,  I  believe,  to  as  low  as  lys.  \od.  in  January  1903, 
or  about  the  mean  of  what  it  was  originally  estimated  to  cost 

•  SlaHsl,  Aueust  l8,  1900. 

t  The  Secretary  (as  reported  in  the  Financial  Neat  of  March  16,  1900)  atitnl  that 
a  tiiol  lot  of  300  tuns  of  ore  treated  at  Hannan's  Brownfaill  gave  an  extraction  of  97  per 
cent  A  "BriliBh  Australasian"  telegram  of  the  igth  referred  to  in  the  Fitutiuial  Timet 
aonounced  that  a  month's  trial  at  Ihe  Lake  View  Consoli  hadpioved  a  complete  sac- 
cess,  an  exiraclion  of  94  per  cent,  htving  been  obtained.  The  Stalisl  of  August  iS 
mentioned  that  the  trial  run  of  Hannan's  Star  mill  gave  an  exlraction  of  S9  per  cent. ; 
but  that  whilst  running  on  60  tons  a  day  of  Bcownhlll  liulphide  ore  for  a  couple  of 
weeks,  the  Star  plant  effected  an  extraction  uf  97|  and  964  per  cent,  for  the  two  re- 
spective weeks,  and  poinled  out  that  the  costs  were  likely  to  be  reduced  below  301.  per 
ton,  The  ore  Heated  in  the  Hts:  week's  run  above  referred  to,  I  am  informed,  assayed 
1  01.  lodwt.,  and  the  residues  i  dwt.  4cr.  %  Financial  Tima,  May  7,  1900, 

§  Financial  Nans,  March  >6,  1900.  |[  Financial  Tina,  October  16,  1900. 

1  Tht  Mitiins  Journal,   'Telluride  Treatmenl   10  Kalgoorlie,   We«t«n  Auatralii,' 
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The  Brownkill  Diehl  Mill. 

Milling  was  commenced  in  the  Brownhill  Diehl  mill  at  the 
beginning  of  March'  1901. 

This  plant,  which  was  originally  designed  to  treat  50  tons  of  ore 
per  diem,  has  been  recently  very  fully  described  by  Mr.  H.  Knutsen," 
who  gives  the  following  particulars  of  it. 

The  ore  coming  from  the  Brownhill  main  shaft  is  screened 
on  a  grizzly,  through  which  the  fines  pass,  and  go  to  a  storage  Inn. 

The  coarse  pieces  are  put  through  a  No.  6  Krupp  rock-breaker, 
and  the  crushed  ore  joining  the  fines  from  the  grizzly  is  drawn 
into  trucks  and  hoisted  to  the  battery  bins. 

The  battery  is  a  20-head  (four  sets  of  five  stamps).  Each 
stamp  weighs  1050  lb.,  and  makes  105  drops  of  7  inches  per 
minute.     The  20  heads  crush  about  75  tons  per  34  hours. 

The  batteries  are  equipped  with  self-feeders,  and  both  outside 
and  inside  amalgamation  are  employed  to  save  the  gold.  The 
screens  are  ot  woven-wire  cloth  with  30  meshes  per  linear  inch, 
and  No.  I  battery  is  used  for  treating  roasted  concentrates,  as 
well  as  for  crushing  raw  ore. 

The  pulp  discharged  from  the  stamps  passes  over  amalgamated 
copper  plates,  and  then  over  Wilfley  concentrators,  and  the  tailings 
from  the  tables  are  elevated  by  a  double  tailings-wheel  32  feet  in 
diameter,  which  discharges  them  into  two  classifiers,  that  thicken 
and  deliver  them  as  pulp  to  a  pair  of  "flint  mills." 

These  mills  grind  the  ore  to  such  a  degree  of  fineness,  that  all 
but  about  3  per  cent,  will  pass  through  a  sieve  carrying  220  holes 
to  the  linear  inch ;  and  the  whole  will  pass  through  a  200-mesh 
sieve ;  the  pulp  from  the  flint  mills,  generally  carrying  3  to  5  per 
cent,  of  solids,  is  elevated  and  goes  back  to  the  classifiers,  to  re- 
separate  any  sand  that  is  not  finely  enough  ground,  which  is 
returned  to  the  mills  to  be  reground.  The  slimes  from  the  first 
pair  of  classifiers  are  re-eievated  on  the  other  side  of  the  tailings- 
wheel  to  a  second  classifier,  which  separates  out  the  heavier 
(pyritic)  particles  which  are  returned  to  the  Wilfley  tables,  whilst 
the  remainder  of  the  slimes  go  to  a  spitzkasten. 

This  eliminates  the  e.xcess  water,  and  the  pulp  discharged  from 
the  spitzkasten,  which  carries  40  to  45  per  cent  of  dry  slimes,  is  de- 
livered to  one  of  five  agitation  vats  20  feet  6  inches  diameter  and 

•  'The  Diehl  Process,'i>/.  eit.,  p.aga. 
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7  feet  6  inches  deep,"  which  hold  about  100  tons  of  sludge.  When 
an  agitator  is  filled  it  is  chained  with  a  strong  solution  of  KCy  and 
BrCy,  and  the  pulp  is  usually  agitated  for  about  24  hours.  After 
18  hours  a  sample  is  treated  on  a  Biichner  vacuum  filter,  the 
solution  being  completely  removed,  and  the  residue  well  washed 
and  assayed.  This  takes  4  or  5  hours,  and  the  results  show 
whether  the  sludge  has  been  sufficiently  treated.  The  agitator 
then  receives  a  charge  of  lime  of  3  to  4  lb.  per  ton  of  dry  slime 
and  the  sludge  is  ready  to  filter-press.  The  presses  have  a  capacity 
of  5  tons  of  dry  slime  each,  and  they  are  each  provided  with  a 
system  of  three  "  receivers "  which  saves  considerable  time,  the 
operation  being  completed  in  less  than  two  hours. 

The  auriferous  solutions  pass  through  a  specially  constructed 
filter  to  the  zinc  boxes,  and  the  precipitated  solutions  go  to  an 
under  storage-sump,  where  they  are  mixed  with  the  overflow  water 
from  the  spitzkasten  (which  is  clarified  of  sludge  by  passing 
through  an  intermediate  settling  tank)  and  pumped  back  to  the 
upper  storage  mill-tank. 

The  filter-press  cakes  when  sent  to  the  dump  are  reported  to 
average  i  to  2  dwt.,  and  Mr,  Knutsen  states  that  the  grade  of  the 
ore  treated  does  not  seem  to  affect  their  tenor. 

The  admixture  of  the  roasted  concentrates,  which  contain  only 
o*o2  per  cent,  of  sulphur,  has  neither  affected  the  extraction,  nor 
increased  the  consumption  of  chemicals,  which  amounts  to  about 
3  lb.  KCy  and  \\  lb,  BrCy  per  ton  of  ore. 

The  concentrates  from  the  Wilfley  tables  containing  35  to 
40  per  cent,  of  sulphur  are  bagged,  allowed  to  drain,  and  roasted 
in  an  Edwards  furnace  which  roasts  about  60  tons  of  pyrites  per 
week.  Mr.  Knutsen  adds,  there  is  no  loss  of  gold  by  volatilisa- 
tion, as  proved  by  a  number  of  laboratory  tests,  any  loss  of  gold 
being  due  to  mechanical  dusting ;  and  Mr.  J.  T.  Hollow,  the 
manager  of  the  works,  informed  him  that  the  dust  collected  in  the 
flue  chambers  did  not  assay  higher  in  gold  than  the  roasted  material. 

When  cooled,  the  roasted  concentrates  are  brought  back  to 
No.  I  battery  in  which,  as  before  said,  they  are  mixed  with  raw  ore. 

Mr.  Knutsen  adds  that  the  Brownhill  plant  being  entirely  new, 
no  old  plant  has  had  to  be  adapted,  "  the  result  being  that  no 
other  plant  has  worked  so  smoothly,  and  in  none  has  so  high  a  rate 
of  extraction  been  obtained  with  a  lower  working  expense  per  ton." 
•  Sometimes  the  agitator!  are  mode  larger  (uj)  to  IS  feel  in  liiam.  and  8  feet  in  deplh) 
holding  up  to  about  125  Ions  of  pulp. 
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Messrs,  James  Bros.,  in  a  letter  dated  February  26,  1901, 
observed :  ■  "  During  the  last  five  months  of  the  past  year,  the 
Hannan's  Brownhill  Company  treated  at  the  Hannan's  Star  up- 
wards of  8000  tons  of  refractory  sulpho-telluride  ore,  averaging  over 
3  oz,  of  gold  per  ton,  and  obtained  an  extraction  of  fully  94  per 
cent,  of  the  assay  value,  at  a  cost  including  crushing,  treatment, . 
realisation  of  products,  and  every  charge  from  the  time  the  ore 
was  delivered  on  the  mine  until  it  was  discharged  as  tailings  to 
the  dump,  of  less  than  31J.  per  ton.  In  this  case  a  still  higher 
extraction  could  have  been  obtained  at  a  cost  not  exceeding  26j. 
per  ton,  if  it  had  not  been  necessary  to  force  the  capacity  of  the 
plant  to  the  utmost." 

A  paragraph  in  the  Statist  of  April  20,  1901,  stated  that 
a  contract  had  been  entered  into  (early  in  1900)  with  Hannan's 
Brownhill  Gold  Mining  Company  "for  the  supply  and  erection  of 
a  plant  for  the  treatment  of  their  sulphide  ores,  capable  of  dealing 
with  a  minimum  of  50  tons  per  day,  with  engine  power  equal  to 
100  tons  per  day,  yielding  a  minimum  extraction  of  90  per  cent 
of  the  gold  contents  of  the  ore,  at  a  cost  not  exceeding  30.1.  per 
ton.  .  .  .  The  plant  was  completed  at  the  end  of  February  1901, 
and  the  trial  run  of  three  weeks,  provided  for  under  the  contract, 
commenced  on  March  4  ;"  131 5  tons  of  sulphide  ore  being  treated, 
which  yielded  4091  oz.  of  gold.  The  plant  was  taken  over  by  the 
Brownhill  Company  on  April  i,  and  the  following  telegram  was 
subsequently  received  from  Kalgoorlie  :  "  During  month  of  March 
extraction  has  been  97  per  cent.  Cost  per  ton  treatment  is  24J. 
Now  crushing  70  tons  daily.  Cost  is  estimated  at  2IJ.  during  the 
month  of  April." 

The  details  of  cost  in  the  Brownhill  mill  in  July  1901  (as  fur- 
nished to  Mr.  Knutsen  by  Mr.  R.  W.  Feldtmann,  Messrs.  Bewick, 
Moreing  &  Co's.  local  representative)  are  given  in  a  supplementary 
table  at  the  end  of  this  chapter,  and  also  a  "  graphic  "  representation 
of  the  method  of  treatment,  which  Mr.  Knutsen  gives. 

The  Kalgoorlie  correspondent  of  the  Financial  Times  stated  f 
that  this  plant  had  been  running  about  seven  months  ;  during  that 
period  the  monthly  extraction  had  never  been  under  95J  per  cent., 
whilst  the  treatment  costs,  including  management,  supervision, 
repairs  and  renewals,  and  general  and  office  expenses,  had  amounted 

*  FiHancial  Timti,  Much  I,  1901.  t  Hid.,  NoTcmbcr  5,  igQi. 
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as  nearly  as  possible  to  24s.  per  ton ;  treating  on  an  average  about 
70  tons  per  diem. 

These  costs  could,  however,  it  was  believed,  be  reduced  with  a 
larger  output,  and  the  September  costs  were  reported*  to  have 
been  22s.  i  id. 

At  the  company's  annual  meeting  in  July  1902,  the  chairman 
stated  that  20,690  tons  of  ore  had  been  treated  for  a  yield  of 
45-977  OZ-.  at  an  average  cost  of  241-.  id.  per  ton,  dealing  with  an 
output  of  only  70  tons  a  day. 

The  Author  is  informed  that  the  costs  for  July  and  August  were 
25J.  ^d.  and  241.  6d.  respectively. 

The  Hannan's  Star  Mill. 

The  following  particulars  of  these  works  have  been  excerpt 
from  the  description  given  of  them  by  Mr.  Robert  Allen  and  Mr. 
H.  Knutsen  with  some  additional  details  furnished  by  the  well 
informed  local  correspondent  of  the  Financial  Times^ 

The  plant,  though  somewhat  more  cramped  for  space  than  it 
would  have  been  if  the  machinery  had  not  required  to  be  fitted 
into  the  old  mill-building,  is  stated  to  be  very  compact  and 
complete,  allowing  of  economical  work,  even  with  a  comparatively 
small  output,  which  was  rated  at  about  60  tons  per  day,  or  1500 
tons  per  month.  Steam  is  supplied  by  a  couple  of  Fraser  and 
Chalmers  two-flue  lOo  horse-power  boilers,  and  as  a  stand-by  a 
Lancashire  boiler  of  equal  capacity  was  provided.  The  horizontal  ' 
steam  engine  is  cross-compound  and  200  horse-power.  The  engine- 
house  also  contains  all  necessary  pumps,  a  small  high-speed  engine 
and  dynamo  for  the  electric  light,  and  an  air-compressor  to  provide 
air  for  the  mill  and  filter-press  work.  The  ore  (which  is  said  to 
average  10  to  15  dwt.  per  ton  in  gold),  upon  being  hoisted  from  the 
shaft,  is  delivered  by  an  overhead  tram-line  to  the  crusher- house,  and 
is  passed  over  a  grizzly,  with  bars  set  1 J  inches  apart  The  coarser 
material,  which  is  retained  by  the  grizzly,  is  crushed  in  a  Blake- 
Marsden  rock-breaker.  The  broken  ore,  together  with  the  fines 
from  the  grizzly,  which  fall  into  one  bin,  are  then  raised  in  cars  by 
means  of  a  double-cage  lift,  to  a  large  double-compartment  mill-bin, 
and  from  this  bin,  a  couple  of  worm-feeders  deliver  it  to  two  No.  5 
Krupp  ball-mills,  previous  drying  havhig  been  discarded.  The 
ball-mills  require,  when  in   full  work,  about  18  horse-power  each, 

•  Finandal  Timts,  November  19,  1901. 

t  'The  Diehl  Process,'  Fhrntidal  Timts,  NoTember  7,  1900. 
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and  were  reported  to  crush  between  30"  and  35  tons  of  sulphide 
ore  every  24  hours,  through  a  screen  of  35  holes  per  lineal  inch 
or  1225  per  square  inch.t  The  wear  and  tear  on  plates  and 
balls  is  stated  to  be  about  half  a  pound  avoirdupois  per  ton  of 
ore  crushed.  With  the  softer  oxidised  ore  the  capacity  of  the 
mills  rises  to  about  50  tons  each,  and  the  wear  is  considerably 
less. 

The  ore  from  the  ball-mills  is  delivered  to  a  bin  by  means  of  a 
belt-elevator,  and  a  screw-conveyor  transfers  it  to  a  second  elevator 
which  lifts  it  30  feet,  and  discharges  it  through  a  second  screw- 
conveyor  into  a  "  mixing  machine,"  fitted  with  rotating  paddles, 
into  which  plant-water  containing  a  little  free  cyanide  is  introduced, 
so  as  to  form  a  thin  pulp. 

An  automatic  sampler  cuts  out  a  sample  for  assay  before  the 
ore  is  mixed  with  water. 

The  pulp  from  the  "mixing  machine"  goes  to  a  spitzlutte 
(A)  which  separates  the  heavy  mineral  and  sands  (u)  from  the 
slimes  {b\  and  the  former  products  are  passed  over  copper 
amalgamating  tables  to  extract  any  coarse  gold  they  carry  (10 
to  15  per  cent  being  thus  recovered)  ;  whilst  the  slimes  flow  into 
four  systems  (B)  of  spitzkasten  (three  in  each  set)  in  which  they 
are  thickened. 

The  overflow  water  discharged  from  the  spitzkasten  (B)  passes 
through  a  settling-tank  where  any  remaining  slimes  are  settled, 
and  the  water  is  pumped  back  to  the  mill-tanks  which  supply  the 
mixing  machine  ;  the  sediment  collected  in  the  settling-tank  being 
occasionally  cleared  out  and  treated  in  the  agitators. 

Formerly,  the  pulp  after  passing  over  the  copper  plates  was 
concentrated  on  Frue  vanners,  but  this  practice  has  been  given  up, 
and  the  whole  of  the  sands  which  pass  over  the  tables  now  go 
direct  to  a  spitzkasten  (C),  which  yields  a  thick  pulp  underflow  {f) 
and  a  thin  slimes  overflow  {<£).  The  latter  product  goes  to  the 
pump-sump  and  is  pumped  into  four  spitzlutte,  where  any  fine 
sands,  that  may  have  escaped  with  the  slimes,  are  separated  and 
sent  back  over  the  tables;  whilst  the  slimes-overflow  {e)  passes 
back  to  the  spitzkasten-system  (B)  which  is  connected  with  the 

*  Finanaal  Times,  No».  7,  1900. 

t  Mr.  Robe.  Allen  itates  that  (employing  ^o-mesh  screens)  wbich  Mr.  KnutscD  also 
says  are  now  used,  65  per  cent,  of  the  product  will  pass  [htough  a  loo-mesli  screen. 
See  alM  Mining  yenrnal,  October  12,  1901. 
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spitzlutten  (A)  for  treatment  with  the  rest  of  the  slime  previously 
eliminated. 

The  thickened  puip  underflow  (c)  from  the  spitzkasten  (C)  is 
delivered  under  a  constant  head  to  a  "  flint-mill  "  ;  and  the  product 
of  this  mill  is  raised  by  a  bucket-elevator  to  a  launder  which 
returns  it  to  the  spitzkasten  (C)  that  supplies  the  mills  with  pulp  ; 
any  coarse  particles  that  may  have  escaped  grinding  being  thus 
caught  and  slimed. 

The  thickened  slimes  discharged  from  the  spitzkasten  (B)  are 
converted  in  this  apparatus  into  a  sludge  holding  40  to  50  per 
cent,  of  dry  material,  which  is  delivered  to  one  of  four  agitation 
vats,  each  21  feet  6  inches  diameter  and  7  feet  6  inches  deep  (pro- 
vided with  sheet-iron  covers  to  prevent  escape  of  bromine)  in 
which  they  are  agitated  with  cyanide  and  bromo-cyanide  for  20  tc 
26  hours.  These  vats  hold  about  100  tons  of  sludge,  and  conse 
quently  take  a  chaise  of  40  to  50  tons  of  dry  slime. 

Mr.  H.  Knutscn,  describing  this  part  of  the  process,  says :  "The 
dry  slimes  assay  before  treatment  7  to  10  dwt  per  ton.  As 
soon  as  the  agitator  is  sufficiently  filled,  the  amount  of  KCy  in 
the  water  is  ascertained,  and  the  tonnage  of  dry  material  in  sus- 
pension. When  this  is  ascertained  a  strong  solution  of  KCy  is 
allowed  to  flow  in  to  make  the  quantity  of  KCy  in  solution  up  to 
O"  15  per  cent,  of  the  dry  ore. 

"  As  an  example,  suppose  100  tons  of  sludge  contain  40  tons  of 
dry  material  and  60  tons  of  water.  The  water  carries  0*05  percent. 
KCy  or  174  oz.  KCy  per  ton  of  water.  The  total  quantity  is 
logo  oz.,  which  is  equal  to  26^  oz.  per  ton  of  dry  ore.  The 
requisite  is  o'  1 5  per  cent,  or  S2i  oz,  per  ton  of  dry  ore.  There  is 
therefore  needed  an  additional  26J  oz.  per  ton,  or  a  total  of 
1050  oz.,  or  65  lb.  10  oz.  KCy,  which  must  be  added  in  the  form 
of  strong  solution.  Two  hours  after  the  KCy  is  added,  the  solu- 
tion of  BrCy  is  added  at  the  rate  of  0"04  per  cent,  of  the  dry 
tonnage.  The  whole  is  now  agitated  for  24  hours,  when  it  is 
ready  for  filter-pressing.  About  two  hours  before  filter-pressing 
lime  is  added  to  the  agitator — about  3  to  4  lb.  per  dry  ton." 

After  agitation  the  sludge  is  drawn  off  into  the  montejus  and 
delivered  into  two  Dehne  filter-presses  holding  about  4^  tons  of 
material,  but  only  one  system  of  receivers,  viz.  one  unit  each 
for  sludge,  for  weak-solution,  and  for  wash-water.  The  gold  solution 
from  the  presses  goes  first  into  two  vats  which  act  as  settlers,  and 
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is  syphoned  from  them  into  two  vats  (fitted  with  filter-bottoms), 
from  which  it  passes  through  the  extractor  boxes  and  is  pre- 
cipitated on  zinc  in  the  ordinary  way. 

The  filter-press  cakes  after  being  treated  with  weak-solution 
and  wash-water  are  discharged,  and  go  to  the  dump  ;  very  dry  cakes 
are  produced,  the  contained  moisture  being  about  14  per  cent. 

In  the  article  before  referred  to  on  the  Diehl  process  the  corre- 
spondent of  the  Financial  Times  '  remarks  :  "  Several  mining  men, 
not  knowing  the  principles  of  the  process,  have  expressed  doubts 
as  to  the  concentration  of  the  telluride,  but  Dr.  Diehl  asserts 
that  he  only  wishes  to  take  the  heavy  pyrites  from  the  pulp, 
mainly  for  mechanical  reasons,  and  he  does  not  attach  much 
importance  to  a  close  concentration  being  obtained,  t  In  fact,  the 
more  real  telluride  he  can  find  in  the  pulp  for  chemical  treatment 
the  better  is  he  pleased,  for  it  can  be  easily  dissolved  when  once 
in  that  state  of  fineness.  The  tailings  from  the  vanners  always 
carry  a  certain  amount  of  mineral,  mainly  fine  telluride,  as  before 
mentioned.  The  pulp  now  travels  by  gravitation  to  the  fine  milling 
department,  and  I  might  say  that  the  work  done  in  this  depart- 
ment forms  one  of  the  most  remarkable  features  of  the  Diehl 
process. 

"  Hitherto  mill-men  have  always  tried  to  prevent  the  produc- 
tion of  slimes  in  milling  ore,  and  doubtless  many  of  them  will  be 
astonished  to  learn  that  Dr.  Diehl  has  been  compelled,  by  the 
peculiarities  of  the  ore,  to  adopt  an  entirely  new  method,  and,  in 
fact,  grinds  the  whole  of  the  ore  into  slimes. 

"  As  may  be  imagined,  fine  grinding  in  such  lat^e  quantities  did 
not  at  first  appear  to  be  an  easy  proposition,  but  by  a  really 
ingenious  arrangement,  the  65  tons  of  ore  crushed  per  day  in  the 
ball-mills  is  now  reduced  by  a  single  mill  to  such  a  state  of 
fineness  that  it  %vill  pass  through  a  screen  carrying  62,500  meshes  J 
to  the  square  inch.  This  is  something  which  has  never  before 
been  accomplished  on  a  large  working  scale,  and  the  careful 
preparation  of  the  ore  for  treatment,  combined  with  the  specific 
effect  of  the  bromo-cyanide  solutions  upon  telluride  of  gold, 
.   .  ,  closely  studied  by   Dr.    Diehl,  have   made   the   success   of 

■  '  The  Diehl  Process,"  Finaniial  Times,  November  7,  1901. 

t  From  what  has  previously  been  said  this  appears  doubtful. 

X  As  before  observed,  Mr.  H.  Knulsen  says  tint  the  whole  of  the  product  of  a  flint- 
mill  will  pass  a  sieve  with  200  mesbes  per  linear  inch,  and  less  Ihaa  3  per  cent,  will  remain 
on  a  sieve  of  2Zo  meshes  per  linear  inch. 
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the  process.     The  "  fine  mill  "  is  of  rather  large  dimensions,  being" 

17  feet  long  by  4  feet  in  diameter.  It  requires  25  horse-power, 
and  is  able  to  reduce  65  tons  of  ore  into  slimes  every  24  hours. 
The  mill  works  automatically,  and  the  only  attention  it  requires  is 
the  filling  of  the  oil-glasses  every  three  days.  The  power  required 
is  o'425  horse-power  per  ton  of  ore,  at  is.  wd.  per  horse-power, 
which  brings  the  costs  of  fine  grinding  up  to  9'35t/.,  or,  say,  lOi^. 
per  ton.  The  wear  and  tear  on  the  mill  is  reckoned  at  ij^f.  per 
ton,  so  that  the  whole  costs  in  the  fine  grinding  do  not  exceed  \s.  per 
ton,  provided  that  an  economically  working  plant  is  at  disposal. 

"  The  whole  system  of  circulating  the  solutions  and  the  ore  is 
very  ingeniously  laid  out,  everything  working  automatically,  and 
hand  labour  being  avoided  as  much  as  possible.  In  fact,  the  ore  is 
only  handled  twice — in  the  first  instance  to  bring  it  to  the  mill  bin, 
and  secondly  to  dump  the  exhausted  material  on  the  tailings  heap. 
It  may  be  interesting  to  know  that  the  whole  of  the  mill  work  is 
done  by  eight  men  per  shift — one  foreman,  one  mill  hand,  two 
labourers,  and  four  filter-press  hands.  The  consumption  of  water, 
which  is  of  paramount  importance  in  this  country,  is  very  small, 
totalling  15  per  cent,  of  the  dry  weight  of  the  ore,  which  is  equal 
to  about  33  gallons  per  ton  of  ore  treated,  or,  allowing  for  evapora- 
tion, the  water  used  is  not  more  than  from  35  to  40  gallons  per  ton 
of  ore.  If  worked  with  some  care,  the  extraction  is  always  over  93 
per  cent,  and  if  the  men  in  charge  look  carefully  after  their  work, 
from  97  per  cent,  to  98  per  cent,  can  generally  be  obtained.  With 
ore  from  I  oz.  to  5  oz.  assay  value,  the  consumption  of  bromide  of 
cyanogen  is  I  lb.  avoirdupois  per  ton,  and  for  cyanide  of  potassium 
it  varies  from  J-lb.  to  2  lb.  The  loss  of  the  latter  is  mainly  due  to 
the  dense  salt  water  used,  which  contains  from  8  per  cent,  to  20 
per  cent,  of  solid  matters,  including  large  quantities  of  magnesium 
salts,  which  act  as  cyanicides.  Poorer  ore  than  i  oz.  assay  value 
gets  proportionately  smaller  charges  of  chemicals,  the  extraction 
being  equally  good. 

"  The  whole  process  is  one  of  surprising  simplicity,  and,  in  a 
word,  its  chief  principles  are : — First,  to  disintegrate  the  ore  by 

•  The  Mining  yourrial  of  October  12  slates  that  the  flinl-mill  is  filled  with  quafti 
pebbles  from  Norway  in  place  of  scraps  of  iron  (is  might  have  been  setn  in  a  machine 
working  in  Cornwall  20  years  ago)  as  the  iron  acts  injuriously  on  the  bromine.  It  is 
usually  charged  with  4  ions  of  flint  balls,  ant!  the  usual  standard  size  of  the  mi^l  is 

18  feet  by  4  feel.  It  makes  z8  to  y>  leA'olntions  per  minale.  Mr.  Alfred  James  estimates 
the  output  of  a  mill  of  this  kind  at  70  tons  psr  diem,  through  a  5o-inesh  screen  (the 
MM  of  the  feed  being  12  mesh),  requiring  27  horse-iiower. 
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mechanical  means,  so  that  every  particle  of  the  precious  metal  can  be 
attacked  by  the  chemicals,  .  .  .  which  have  the  power  to  dissolve  the 
gold  from  its  refractory  combinations  with  tellurium,  etc.,  just  as 
easily  as  free  gold  can  be  dissolved  by  plain  cyanide.  The  power 
required  for  the  complete  treatment  of  i  ton  of  ore  works  out  at 
2j  horse-power  in  small  plants,  and  will  not  be  more  than  2  horse- 
power in  a  large  plant,  to  which  costs- the  prices  for  chemicals 
and  labour  are  to  be  added.  This  will  show  ,  .  .  that  with  a 
plant  of,  say,  i  $0  to  200  tons  capacity,  the  costs  of  milting  and 
treating  the  ore  should  not  exceed  20;.  per  ton,  and,  in  fact, 
would  probably  be  less.  Given  costs  at  \l,  with  a  high  extraction, 
and  taking  into  consideration  the  refractory  nature  of  the  Kal- 
goorlie  telluride-sulphide  ore,  it  may  be  fairly  conceded  that  Dr. 
Diehl  has  achieved  a  brilliant  success,  and  it  is  not  too  much 
to  say  that  he  and  the  London  and  Hamburg  Company  have 
conferred  an  immense  boon  on  the  Kalgoorlie  field." 

The  Hannan's  Star  mill  started  work  on  March  15,  1900,  and 
from  that  date  to  July  26  (when  it  was  leased  to  the  Brownhill 
Company  for  the  remainder  of  the  year)  is  stated  to  have  treated 
3630  tons  of  ore,  of  which  2 1 29  tons  were  sulphide  ore  that  yielded 
an  average  recovery  value  of  1 2  dwL  20  ■  8  gr.  fine  gold  per  ton  ;  and 
it  appears  from  the  report  of  Messrs.  James  Bros,  (attached  to  the 
Company's  Annual  Report,  July  9,  1901)  that  the  treatment  costs, 
as  ascertained  from  continuous  work  in  January,  February,  March, 
April  and  May  of  1901,  could  be  reckoned  at  26s.  ^d.  per  ton. 

The  residues,  the  Author  is  informed,  assay  14  to  i8gr.  fine  gold 
per  ton,  from  ore  assaying  about  14  dwt.  per  ton  ;  but  with  the  richer 
ore,  or  ore  from  the  settling-tank,  may  run  up  to  l  dwt.  6  gr.  per  ton. 

The  extractions  for  the  first  six  months  of  1901  were  given 
(Report  of  the  Annual  Meeting)  as  95  p«*  cent. ;  96  per  cent ; 
93  per  cent. ;  91  per  cent. ;  90  per  cent.  ;  apd  93^  per  cent. ;  and 
the  treatment  cost  as  261'.  6d.  on  the  average. 

The  results  subsequently  reported  (cabled)  were  as  follows  : — 


1901. 

Hm»  run. 

Sulpbido  Ort 

rwid. 

F«™c««.. 

July         .... 

August    .... 

September 

October  .... 

68s 

691 

'7'5 
171S 

„.    dwt. 

901   0 
1093    5 
1146    0 

1204    0 

90 
92 

92 

Mr.  H.  Knutsen  gives  the  following  details  of  the  cost  of  treat- 
ment in  September  1901,  furnished  to  him  by  Mr.  G.  E.  B.  Frood  ; — 
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Cost  of  Powee. 

Wage*      ." 136  19  II 

Fuel 316    3    o 

Saltwater 37  '7    5 

Fiesh  water 9°    3    9 

Lubricants  and  waste  lo    3    3 

Stores 647 

Electric  light 

Maintenance  ;— 

Wages 40    5     7 

Stores 3  19    7 

Total      ,         ,  630  17     1 

This  amount,  630/.  ifs.  id.,  in  the  following  analysis  is  divided 
between  milling  and  ore  treatment,  two-thirds  to  milling,  and  one- 
third  to  treatment. 

Analvsh  of  Cost  ok  1718  Tons  ih  1901. 


_ 

Total  C0.1. 

C,„T.. 

MlLLlHC. 

£      •■   •/. 

/.                  d. 

J.        i. 

Wag" 

.9619    6 

1    ysi 

Power  and  light 

457    7    0 

s  389 

Stores  and  sundries 

>3    5    3 

0    I  85 

Lubricftuu  and  waste  . 

6    8    4 

0    0-88 

Ball  metal. 

19  16    0 

0    2  78 

Flints 

10    5    0 

0    '-43 

Wear  on  mill  and  crusher 
Urge  belts,  etc.        . 

platen 

1 

70    0    0 

0    9-78 

9    01} 

774    ■     I 

Ore  Treatment, 

Salaries 

4"  >3    4 

0    5-82 

Wages       .         . 

180  16    8 

3    3'" 

Power  and  light 

>88.o    5 

2     2?3 

Stores  and  sundries 

37    6    2 

0    S2I 

Lubricants  and  waste 

S  15    8 

0    o-So 

Cjanide     . 

200  IS    8 

a    690 

Cyanogen  bromide 

170  14    7 

I  ii&t 

Aaays       .         . 

23  "6    3 

0    3  32 

Fresh  and  salt  water 

II     1     7 

0    "  54 

W    5    0 

0    310 

Gold  iealisati<m  . 

57    6    " 
1040    I    4 

0    g-oo 

12    408 

21    4-ai 
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The  returns  were  1 146  oz.  6  dwt.  bullion,  or  933  oz.  8  dwt  14  gr. 
fine  gold.  This  is  equal  to  10  dvrt.  20-8  gr.  per  ton.  The  extrac- 
tion (on  basis  of  assay  differences)  was  92  per  cent  There  were 
consumed  per  ton  of  ore  3  lb.  KCy  and  J  lb.  BrCy. 

The  results  of  treatment  of  the  Brown  Hill  ore  at  the  Hannan's 
Star  mill  are  given  in  the  following  Table* : — 


September 
October 
November 
December 


Or=™.«I.    1 

YMdofGold. 

ton,            1 

01.          d.C      It. 

"SS4           \ 

3.8Q+    la    14 

■857        , 

4.S54    "    " 

i7«7       , 

S.iM    16     9 

1698       i 

4,684     9    19 

1666    ; 

6,541      9     0 

Total     .  .         .  8502        I        14,708 


From  a  cable  received  from  Mr.  H,  Trewatha  James,  dated 
August  7,  1902,  and  a  subsequent  cable  in  the  Financial  Times 
of  August  II,  1902,  giving  the  July  returns,  it  appears  that 
1745  tons  of  sulphide  ore  from  the  Oroya  were  treated  at  Hannan's 
Star  Mill  which  yielded  1711  oz.  of  fine  gold,  giving  an  extraction 
of  894  per  cent. ;  and  during  the  first  week  in  August  527  tons  were 
treated,  assaying  33  dwt.  per  ton,  and  an  extraction  of  92J  per 
cent,  was  obtained. 

Tlu  Lake  Vieiv  Consols  Sulphide  Mill. 

The  Lake  View  sulphide-ore  until  recently  was  treated  by  two 
different  methods — by  roasting  in  the  sulphide  plant,  and  by  the 
Diehl  process  without  roasting.  A  general  description  of  the 
original  plant  has  already  been  given  (p.  299) ;  but  as  the  works 
were  subsequently  more  or  less  altered,  the  following  account  of  the 
method  of  treatment  pursued  in  them  (until  they  were  recently 
closed  down),  taken  from  the  description  given  by  Mr,  Robert 
Allen,  which  furnishes  additional  particulars,  may  be  given  ; — 

The  ore  is  dry-crushed  and  roasted,  and  the  pulp  is  separated 
into  sands  and  slimes,  which  are  treated  separately  by  cyanide. 

The  ore,  as  received  on  the  brace,  is  first  broken  by  two  No.  5 
*  Hannan's  lirownhUl  Gold  Mining  Compaa;,  Limited,  Report  No.  5. 
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Gates  rock-breakers,  set  to  produce  a  i^-inch  product,  which  drops 
into  a  400-ton  bin. 

An  aerial  tramway  (Otis  system)  delivers  the  ore  from  this  bin 
to  a  250-ton  ball-mill  bin.  Containing  very  little  moisture,  it  does 
not  need  drying. 

This  bin  supplies  four  Krupp  ball-mills,  two  of  No.  5  size, 
driven  at  25  revolutions  per  minute, each  requiring  15  horse-power; 
the  other  two  of  No.  8  size,  driven  at  21  revolutions,  requiring  each 
25  horse-power  to  drive  them. 

The  screens  used  are  40-mesh  woven  wire,  and  with  these 
screens,  the  capacity  of  each  of  the  No.  5  mills  is  25  tons  per  diem  ; 
that  of  each  of  the  No.  8  mills  is  40  tons  per  diem, 

A  sizing  analysis  of  the  ball-mill  product  is  approximately  as 
follows,  the  mill  being  full : — 

peremt. 
Passing  Ihrough  s.  1 50  mesh  screen         ...  63 

Remaining  on         150        ,,  ...  6 


The  dust,  amounting  to  about  2^  per  cent,  of  the  weight  of  the 
ore,  is  removed  by  an  exhaust-fan  and  deposited  in  a  large  settling- 
chamber,  from  which  it  is  removed,  as  collected,  to  be  roasted. 

The  ball-mills  are  discharged  by  screw-conveyors,  the  No.  j 
mills  delivering  into  a  push -conveyor,  which  discharges  into  the 
boot  of  a  1 2-inch  belt  and  bucket-elevator,  the  No.  8  mills  dis- 
charging direct  into  the  same  elevator. 

The  elevator  raises  the  ball-mill  product  to  a  screw-conveyor, 
which  distributes  it  to  shoots  leading  to  four  furnace-bins. 

Sampling  of  the  ore  is  done  at  regular  intervals  at  the  delivery 
of  the  screw -conveyor.  The  discharge  from  the  bins  is  fed  by 
fluted  roll-feeds  to  four  straight-line  furnaces,  each  l8o  feet  long 
and  10  feet  wide,  which  have  a  capacity  of  30  tons  a  day  each. 

The  ore  is  rabbled  and  pushed  forward  on  the  fixed  hearth  of 
each  furnace  by  two  travelling  rabbles,  which  return  over  the  top 
of  the  furnace;  each  rabble  completes  its  circuit  in  6  minutes. 
The  furnaces  have  each  four  grates,  in  which  wood  fuel  is  burnt. 
The  ore  loses  10  per  cent,  of  its  weight  in  roasting,  the  residual 
sulphur,  as  sulphides,  amounting  to  about  0'2  per  cent.  About 
2  per  cent,  is  reckoned  to  be  carried  away  as  dust. 

The  furnaces  discharge  between  double  dischat^e-doors   into 
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pits,  and  push-conveyors  deliver  the  ore  from  the  pits  into  a  mill 
push-conveyor,  which  brings  the  roasted  ore  to  the  boot  of  a 
Krupp  chain-and-bucket  elevator. 

This  elevator  dischat^es  the  pulp  into  one  of  a  pair  of  "col- 
lecting agitator-vats,"  each  holding  about  50  tons  net,  and  fitted 
with  an  ordinary  suspended  agitator  that  can  be  raised  or 
lowered. 

A  stream  of  cyanide  solution  of  0'I5  per  cent,  strength  is 
delivered  simultaneously  with  the  roasted  ore  into  the  vat 

The  vat  gradually  fills  with  sands,  about  30  per  cent  of  the  ore 
treated  being  thus  collected,  whilst  the  remainder  overflows  as 
slime. 

As  the  vat  fills,  the  agitator-paddle  is  raised  at  intervals  to  keep 
it  clear  of  the  depositing  sands. 

When  the  vat  is  full  (an  operation  which  takes  i6  to  20  hours) 
the  sands  are  discharged  into  a  pit. 

From  this  they  are  raised  in  trucks  by  a  crane,  and  sent  to  the 
leaching-vats,  of  which  there  are  ten,  each  vat  holding  60  tons  of 
sands.  The  sands  thus  receive  double  treatment  The  gold 
solution  is  precipitated  in  three  sand  zinc  extractor-boxes. 

The  slimes  which  overflow  from  the  "  collecting  agitator-vats  " 
gravitate  to  three  slime  agitator-vats,  each  20  feet  in  diameter  and 
6  feet  deep,  fitted  with  agitator  paddles. 

The  pulp,  containing  30  per  cent  of  slime,  is  agitated  in  these 
until  solution  of  the  gold  is  complete,  when  the  pulp  is  discharged 
through  a  bottom -dischai^e  opening  by  raising  a  plug. 

The  contents  gravitate  to  two  montejus,  used  alternately,  which 
fill  four  Dehne  4-ton  presses  worked  in  pairs. 

The  issuing  gold  solution  from  these  gravitates  to  a  settUi^- 
tank,  from  which  it  is  siphoned  to  a  second  vat  fitted  with  a  filter- 
bottom.  The  liquor  passing  through  this  filter  is  run  through  two 
"  slimes  "  extractor  zinc  boxes,  and  there  exhausted. 

The  zinc  sludge  from  the  sands  and  slimes-extractor  boxes  is 
cleaned  up,  employing  sulphuric  acid  treatment,  and  the  resulting 
gold-slimes  are  smelted  in  a  tilting-furnace. 

The  results  during  the  year  ending  August  31,  1900,  have  been 
already  given  on  page  301.  During  the  year  ending  August  31, 
1901.  3S-5'7  tons  were  treated,  at  a  cost  of  31J.  7*996^^  In 
the  last  four  months  of  1901,  the  cost  is  stated  to  have  been 
2%s.  o'337(^.  per  ton. 
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The  capacity  of  the  plant  is  between  3000  and  4000  tons  per 
month. 

The  results  and  costs  for  the  twelve  months  ending  August  31, 
1901,  are  given  in  detail  below  : — 


Tons  treated 
Yield  pet  ton  ot. 
Vftlue  per  oi. 

Tolal  value  . 
Bnllion  produce<l 
Fine  gold 
Standard  gold 
Fine  silver 


3S.S"7 
1-499 
/313 

^'95.03  5 
53,150-650 
4^1 "36' 937 
50,331-203 
4>9i3230 


Eleclric  light 

Assaying,  retorting  and  melling 

Fuel 

Water 

Compressed  air  . 

Filling  and  emptying 

Zinc 

Cyanide  of  pntasaium 

General  repairs  . 

I  abonr  genenJ 

Cbenicals 

General  stores  and  charge*  . 

Filling  and  emptying  presses 

Filter-doth 

Engine-drivii^  and  firing    • 

Filing  roASters   . 

Agitation  .... 


3,019    3 
967    2 


36411 
6.045  17 

44S  15 
4,327  13  '' 
2)81     o 

*6S    5 

75s    4 
I.79S  17 


6-535 
10-890 

8-011 
10-968 
11-605 

8-450 


8-958 
4*35a 


The  Lake  View  Consols  Diehl  Mill 

The  Lake  View  Company,  as  previously  mentioned,  re- 
modelled their  old  (oxidised-ore)  battery  at  the  end  of  igcx),  with 
a  view  to  give  the  Diehl  process  a  thoroughly  practical  trial.  The 
arrangement  of  "  the  plant "  was  altered  as  follows ;  the  50-head 
battery  was  enlarged,  in  1901,  to  sixty  stamps,  and  was  increased 
to  seventy-five,  early  in  1902.     The  ore  from  the  mine  first  passes 
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over  a  grizzly,  and  the  coarser  portion  is  crushed  in  a  Gates 
crusher  at  the  shaft  to  i  inch  diameter.  From  the  shaft-bins  it  is 
carried  by  an  aerial  tramway  to  the  battery  ore-bins  and  fed  to 
the  batteries  by  Challenge  feeders.  The  stamps  each  weigh 
1100  lb.,  and  are  run  with  a  6-inch  drop  at  104  drops  per  minute. 
Punched-iron  gratings  used  to  be  employed  for  oxidised  ore 
(corresponding  with  30-mesh  wire  screen),  but  wire-woven  screens 
with  20  meshes  per  linear  inch  are  now  used.  The  capacity  of  the 
stamps  with  these  screens  is  4  to  4;^  tons  per  head  per  24  hours  ; 
very  little  gold  can  be  recovered  by  amalgamation  from  this  ore, 
so  no  copper  plates  are  used.  In  place  of  going  over  tables  the 
ore  passes  from  each  mortar-box  direct  into  two  small  classifiers 
equal  in  length  to  the  width  of  the  mortar-boxes.  The  first  of 
these  is  8  inches  deep,  the  other  18  inches,  and  they  act  as  classi- 
fiers. The  coarse  sands  (the  product  of  10  stamps)  discharged 
from  the  first  classifiers  are  delivered  to  a  Wilfley  concentrating 
table,  and  the  finer  sands  from  the  second  spitzkasten  go  to  a 
second  Wilfley.  The  tailings  dischai^ed  from  the  Wilfleys  are 
elevated  38  feet  on  tlie  left  side  of  a  double  tailings-wheel  to  a 
classifier  which  discharges  their  sand  product  into  the  flint-mills, 
4  feet  in  diameter  and  17  feet  long,  each  chained  with  4}  tons  of 
flint  balls. 

Each  tube-mill  deals  with  the  pulp  delivered  from  three  batteries 
(i.e  fifteen  stamps),  which  consists  of  sands  and  slimes  mixed,  and 
its  discharge  is  re-elevated  and  returned  to  the  classifier,  the  coarse 
sands  from  which  are  delivered  in  separate  streams  to  the  tube- 
mills,  and  passed  through  them  again. 

The  finer  sands  and  slimes  discharged  from  the  spitzkasten  are 
elevated  on  the  right  side  of  the  tailings-wheel,  and  passed  through 
a  "  Krupp  treble  classifier";  and  the  heavy  product  this  delivers 
goes  back  to  separate  concentrators,  whilst  the  overflow  passes  into 
one  of  four  or  five  systems  (depending  on  the  number  of  stamps 
running)  of  lai^e  spitzkasten,  where  it  is  concentrated  to  a  sludge, 
holding  40  to  50  per  cent,  of  dry  material;  the  overflow  water 
being  finally  settled  in  specially  constructed  settling  tanks.  The 
water,  after  the  slimes  have  settled  in  these  latter,  is  pumped  back 
to  the  battery,  and  the  slimes  delivered  by  the  spitzkasten  and 
caught  in  the  settling-tanks  go  to  a  series  of  large  circular  agitators 
(six  being  used  with  four  flint-mills),  23  feet  in  diameter  and  f  feet 
6  inches  deep,  holding  iioto  120  tons  of  sludge  when  full. 
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Agitation  takes  place  for  24  hours,  first  with  a  0'2  per  cent 
solution  of  KCy  equal  to  4*4  lb.  per  ton  of  dry  slimes  (calculated 
in  a  similar  way  as  at  Hannan's  Star),  and  two  hours  later  each 
agitator  is  chained  with  O'OS  per  cent  of  cyanogen  bromide  per 
ton  of  dry  material.  One  hour  before  the  chaise  goes  to  the  filter- 
presses  3  to  4  lb.  of  lime  per  ton  of  dry  slimes  is  added.  The 
cyanide  consumption,  I  am  informed,  amounted  to  between  3  and 
4  lb.  per  ton  of  ore  ;  Mr.  H.  Knutsen  states  that  24  hours  agitation 
under  usual  conditions  will  yield  residues  assaying  only  i^  to  2} 
dwf  fine  gold  per  ton.  The  residues  with  shorter  agitation  and 
treatment  will  assay,  however,  as  high  as  4  dwt.  fine  gold  per  ton. 

From  the  agitators  the  slime  is  delivered  to  filter-presses,  and 
the  solution  expressed  is  forced  through  an  empty  filter-press  to  get 
it  perfectly  clear,  before  it  goes  to  the  zinc-boxes. 

The  process  is  essentially  an  agitation  one  all  through,  and 
considerable  quantities  of  cyanide  solution  have  to  be  kept  in 
circulation,  which  no  doubt  partly  accounts  for  the  comparatively 
heavy  consumption. 

The  concentrates  produced  in  the  12  months  ending  August  31, 
1901,  amounted  to  nearly4  per  cent.,  which  I  understand,  contained 
from  10  oz,  to  15  oz.  of  gold  ;  1601  tons  3  cwt  I  qr,  18  lb.  having 
been  recovered  from  41,054  tons  of  ore  crushed,  which  contained 
21,217  oz.  of  gold.  These  concentrates  were  smelted  in  Fremantle, 
but  they  are  now  roasted  and  treated  on  the  mine ;  the  cost  of 
shipping  them  away  is  stated  "  to  have  been  jr.  8  'gd. ;  whilst  the 
cost  of  treatment  on  the  spot  amounted  to  about  is.  io'$d. 
Treating  ij-oz,  ore  in  the  early  part  of  1902,  an  extraction  in 
both  plants  of  about  90  per  cent,  appears  to  have  been  obtaincd,t 
but  it  was  anticipated,  I  tielieve,  that  it  would  be  brought  up  con- 
siderably, and  that  the  cost  of  treatment  in  the  Diehl  plant  would 
be  reduced  below  26s.  6d,  which  has  since  been  effected. 

During  the  eight  months  ending  August  31,  1901,  41,054  tons 
were  treated  by  the  Diehl  process,  producing  40,120*975  oz.  of 
bullion;  and  the  concentrates  produced  contained  zl,2\y^yZ  oz. 
The  total  value  of  the  product  was  230,180/.  loj.  4^.  The  average 
yield  per  ton  amounted  to  I  '494  oz.,  valued  at  5/.  12s.  i-6d.  The 
value  per  oz.  of  bullion  was  3/.  ISJ'.  0-6d.,  and  the  cost  per  oz. 
was  iSj'.  \i'2d. 

*  Report  of  Messrs.  Bewick.  Moreing  &  Ca.,  April  3,  1903. 

t  Financial  Timts,  March  25,  1902.     Report  otK.  \V.  Feldlmann. 
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The  details  of  cost  are  given  as  follows  : — 


Superintendence    . 
General  stores  and  cliarges 
Electric  ligbt  [naintenance 
Assaying,  retotline  and  melting 

Fuel 

Water 

Labour,  general     . 
Engine-driving  and  firing 
General  repairs 
Screens,  shoes  and  dies  ■ 
Elevating      .... 
Bromo-cyanide 
Cyanide  of  potassium 
Filling  and  emptying  presses   . 
Compressed  air      . 

Zinc 

Chemicals      .... 
Filter-cloth   .... 


61,702  13    9 


3  9-553 

4  2-367 

3  0-223 

!  Vk 

0  4-184 

4  6-660 
3  5-560 
a  9  83" 

1  1019a 
o    1-648 


The  cost  of  treatment  for  the  month  of  July  1902  was  given  • 
as  25.J.  per  ton  ;  and  was  brought  down  to  ic«.  i -/(/.f  in  November, 
and  i,8j.  4if.  in  December  ;  an  alteration  having  been  made  in  the 
arrangement  of  the  classifiers  by  which  a  finer  slime  is  obtained, 
with  less  labour  and  power.  A  belt- driven  pump  for  circulating 
salt  water  was  also  installed  in  place  of  the  steam  pumps,  and  a 
better  vacuum  was  obtained  in  the  condensers. 

The  Chairman  at  the  Extraordinary  General  meeting  of  the 
Lake  View  Company  held  in  July  1901,  stated  that  when  the 
arrangement  is  completed  for  taking  ever  the  plant  erected  by 
the  London  and  Hamburg  Company  for  adapting  the  mill  to  the 
Diehl  process,  in  accordance  with  the  contract,  the  total  cost  would 
approximate  24.000/. 

Mr.  H.  Knutsen  gives  the  following  general  particulars  in  regard 
to  operating  the  Diehl  process,  which  are  of  interest ; — 

Agitator  treatment. — "  When  the  agitator  has  received  its  full 
quantity  of  sludge,  a  strong  solution  of  potassium  cyanide  is  added. 
For  slimes  containing  I  to  3  oz.  of  gold  per  ton,  we  have  found  it 

•  Financial  Times,  August  iz,  igaz  (cable). 

t  The  .Author  is  informed  that  this  was  made  up  ai  follows  : — Milled  6403  loos,  cost 
per  Ion  4s.  lO'bd.  ;  concentrating,  u.  l-yi.;  brotoo-cyaniding  6040  tons  (la/.  41.  id.) 
i\l.  71.  gd.  ;  treatment  of  concentrates,  zm  tons  (16/.  4^.  31/,)  u.  S'gd.  Total  per  ton 
milled  19c.  1-71/. 
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sufficient  to  add  so  much  cyanide  that  there  will  be  4-4  lb.  KCy  per 
ton  of  dry  material.  After  the  sludge  has  been  agitated  for  I  to  l^ 
hours,  the  solution  of  bromide  of  cyanogen  is  allowed  to  flow  in,  the 
quantity  added  being  i '  I  lb.  per  ton  of  dry  material.  The  agitator 
is  kept  going  for  24  hours  from  the  time  the  KCy  solution  was 
chained  into  it  In  case  the  sludge  should  contain  more  than  3  oz, 
per  ton,  it  may  be  advisable  to  add,  after  6  to  8  hours'  agitation,  a 
further  quantity  of  KCy  and  BrCy,  to  ensure  a  good  extraction. 
On  the  other  hand,  if  the  sludge  contains  less  gold  than  i  oz.  per 
ton,  the  quantity  of  KCy  and  BrCy  can  be  considerably  reduced. 

"  About  2  hours  before  the  agitator  is  ready  to  discharge  to  the 
filter-press,  lime  is  added  to  the  sludge  in  quantity  varying  from 
I  lb.  to  4  lb.  per  ton  of  dry  slimes.  In  most  cases,  I  think,  3  to  4  lb. 
is  used.   A  cleaner  precipitate  is  thereby  obtained  in  the  zinc-boxes. 

Filter-presses  and  FiUer-pressing* — "  The  filter-presses  used  in 
the  Diehl  plants  have  a  capacity  of  41^  to  5  tons.  They  have  as  a 
rule  50  frames.  The  measurements  of  the  cakes  are  39J  inches 
square,  with  a  thickness  of  2\  inches  (at  Hannan's  Star)  to  3  inches 
(on  Hannan's  Brown  Hill).  The  dry  weight  of  such  a  filter-press 
cake  will  be  l  J  to  2  cwt  It  is  impracticable  to  use  larger  frames, 
as  two  men  cannot  handle  them,  and  breakage  might  then  be 
of  more  frequent  occurrence.  It  has  been  found  most  advan- 
tageous for  each  filter-press  to  have  its  own  system  of  receivers. 
One  system  consists  of  one  receiver  for  sludge,  one  for  weak 
solution,  and  one  for  wash-water.  The  sludge  from  the  agitator 
flows  into  its  receiver,  which  has  sufficient  capacity  to  fill  one 
filter-press.  When  the  receiver  is  full,  the  valve  from  the  agitator 
is  closed,  and  that  to  the  filter-press  is  opened.  The  sludge  is 
forced  by  compressed  aii"  into  the  filter-presses.  At  the  beginning 
of  the  filling  the  air  pressure  will  be  30  lb.  per  square  inch.  As 
the  filter-press  gradually  fills,  the  air  pressure  increases  to  50  lb., 
and  even  75  Ib.t  When  the  filter-press  is  filled  with  sludge,  the 
valve  to  the  filter-press  is  closed,  and  the  compressed  air  is  turned 
off  from  the  sludge  receiver  to  the  weak  solution  receiver.  The 
cake  is  next  washed  with  weak  solution,  and  again  with  pure  water, 

•  Mr,  Knulsea  poinls  out  that  "  in  the  Diehi  proces*,  the  filter-press  is  abBolulely 
indispensable,"  remarking;,  "  It  must  be  reiDembered  that  the  slimes  contain  from  i  oi. 
up  to  4  oz.  or  even  5  oz.  per  ton.  Tlie  aunferous  sotation  will  thus  contain  about  the 
same  quantity  of  gold  and  any  small  remainder  of  solution  left  in  the  residue  will  cause 
coDsidei&ble  loss  in  the  extiaction.  The  tiealmeot  of  slimes  by  the  decantation  meihod 
is  therefore  impossible. at  Kalgootlie." 

t  The  Author  is  informed  by  .\tr.  Alfred  James  that  Ibe  ordinary  pressure  for  filling 
may  be  estimated  at  40  to  60  lb.  to  the  inch,  and  60  to  So  lb.  for  washing.  The  more 
impervious  the  slimes  the  lowtr  the  pressure  to  be  Used. 
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"  For  a  charge  of  S  tons  dry  slimes,  350  to  joo  gal.  of  weak 
solution  are  used,  and  a  similar  quantity  of  wash-water.  If  the 
slimes  be  very  poor,  containing,  say,  10  dwt  gold  per  ton,  the  use 
of  weak  solution  is  sometimes  omitted.  This  has  mostly  been 
done  where  it  is  wished  to  put  through  as  large  a  quantity  of  ore 
as  possible.  After  the  filter-press  cakes  are  washed,  a  strong 
current  of  air  is  allowed  to  pass  through  them,  at  a  pressure  up  to 
80  lb.  per  square  inch.  This  "dry-blowing"  may  last  10  to  15 
minutes,  but  with  a  higher  air-pressure  the  time  taken  is  shorter. 
After  this,  the  press  is  opened,  the  frames  are  emptied,  and  the 
cakes  fall  down  into  trucks  standing  ready  below  to  receive  them. 

"When  the  frames  are  emptied  they  are  cleaned.  If  any  of 
the  filter-cloths  should  be  damaged  they  are  mended  or  ex- 
changed. The  filter-press  is  then  closed  ready  for  a  new  chaise. 
The  whole  time  occupied  from  one  chaise  to  the  next  is  about 
2  hours. 

Precipitation  of  the  Gold. — "  The  auriferous  solution  is  con- 
ducted to  a  storage  tank,  from  which  it  must  pass  either  through  a 
filter-bottom  or  through  a  specially  constructed  plate-filter  (some- 
times a  small  filter -press)  before  it  arrives  at  the  zinc-boxes. 

"  The  construction  of  the  zinc-boxes  and  the  work  connected 
with  them  is  so  well  known,  that  I  need  not  go  further  into  it  here. 

"The  solution  from  the  zinc-boxes  flows  to  the  same  pump 
which  receives  the  overflow  water  from  the  spitzkasten.  From  this 
the  water  is  pumped  back  to  the  storage  tank  from  which  the 
battery  or  ore-mixer  is  fed.  The  solution  from  the  zinc-boxes  will 
contain  KCy  in  varied  percentage  according  to  the  ore  which  has 
been  treated.  It  will  contain  '05  per  cent,  to  '15  per  cent.,  and 
sometimes  more.  As  a  result  of  this,  the  return  water  will  contain 
KCy.  In  a  new  plant  this  will  be  very  little ;  but  as  the  work 
progresses  the  return  water  will  grow  in  strength,  until  it  reaches  a 
figure  -03  to  -OS  percent,  below  the  usual  strength  of  the  solu- 
tions from  the  zinc-boxes.  In  plants  where  no  amalgamation  is 
used,  the  KCy  in  the  return  water  Is  of  great  advantage,  as  from 
the  first  moment  the  ore  comes  into  the  plant  it  is  exposed  to  the 
action  of  the  KCy.  But  even  where  amalgamation  is  used,  the 
presence  of  KCy  is  not  disadvantageous.  The  amalgamation  will 
go  on  as  usual,  though  the  amalgam  will  be  dry,  and  the  plates 
will  oftener  need  sprinkling  with  mercury.  Some  of  the  mercury 
will  go  into  solution  as  HgCyi,  but  this  can  easily  be  recovered  by 
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retorting  the  gold  slimes  from  the  zinc-boxes  before  roasting  them. 
In  doing  this,  I  think  more  mercury  may  be  recovered  than  has 
been  used  for  amalgamation.  The  ore  from  the  Kalgoorlie  mines 
contains,  amongst  other  minerals,  coloradoite  (HgTe),  which  is 
easily  attacked  by  KCy.  I  have  found  in  plants  where  no  mercurj' 
has  been  used  that  the  gold  slimes  in  the  first  compartment  of  the 
zinc-box  have  contained  a  good  percentage  of  mercury,  which  can 
only  have  come  from  the  ore.  The  only  drawback  to  the  KCy  in 
the  return  water  is  that  the  copper  plates  will  wear  out.  After 
18  months'  or  two  years'  continued  use  the  copper  plates  must 
be  replaced  by  new  ones.  The  old  ones  will  at  this  time  be  worn 
down  to  the  thickness  of  paper.  The  return  water  will  contain, 
after  a  time,  a  certain  quantity  of  gold.  This  will  not  be  lost,  as 
in  due  time  all  return  water,  in  one  way  or  other,  will  pass  through 
the  zinc-boxes.  Should  the  quantity  of  return  water  exceed  the 
demand,  the  best  way  to  get  rid  of  the  superfluous  quantity  is  to 
use  some  of  the  precipitated£solution  from  the  zinc  boxes,  which 
will  only  contain  a  few  grains  of  gold  per  ton,  as  wash-water  in 
the  filter-presses." 

Mr.  Knutsen  has  pointed  out  that,  owing  to  the  fact  of  one- 
third  of  the  ore  in  the  roasting  process  being  treated  in  the  form 
of  sands,  and  only  two-thirds  as  sHmes,  it  has  this  advantage  over 
the  Diehl  process  in  the  matter  of  cost  of  compressed  air,  and 
filling  and  emptying  the  filter-presses. 

On  the  other  hand,  the  Diehl  bullion  at  Lake  View  has  been  of 
higher  value  than  that  of  the  roasting  plant.  Another  point  claimed 
in  favour  of  the  Diehl  process  is  that  all  ore  can  be  dumped  as  ex- 
hausted residues  within  48  hours  of  being  raised  from  the  mine, 
whilst  with  the  "  roasting  process  "  the  treatment  is  longer,  often 
exceeding  10  days  for  sands. 

Features  that  would  also  seem  to  most  strongly  recommend 
the  Diehl  process  are  its  comparative  simplicity  and  cleanliness. 
An  estimate  given  by  Mr.  A.  E.  Thomas  reckoned  the  cost  of  a 
Diehl  plant  with  twenty  stamps  capable  of  crushing  and  treating 
2250  tons  per  month  erected  at  35,000/.  He  calculated  for  depre- 
ciation at  the  rate  of  10  per  cent,  per  annum. 

The  relative  amount  of  capital  required  to  adapt  existing 
"plants"  or  for  erecting  new  works,  for  the  installation  of  one 
or  other  of  the  processes  that  have  been  described,  has,  of  course, 
to  be  considered  ;  stamps,  if  of  heavy  patterns,  can  be  utilised  for  the 
Diehl  process,  as  well  as  "  concentrators,"  and  other  mill  machinery. 
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Judging  from  the  facts  that  have  been  stated,  it  would  appear 
that  under  the  conditions  hitherto  obtaining,  the  cost  of  the  Diehl 
process  may  be  recltoned  somewhere  between  the  maximum  and 
minimum  figures  that  have  ruled ;  and  on  a  moderately  large 
scale  of  treatment,  it  would  seem  quite  possible  to  obtain  by  this 
means  an  average  extraction  from  the  Kalgoorlie  ores  of  about 
go  to  94  per  cent,  more  or  less,  at  a  cost  of  between  lys.  lorf. 
and  7.^.  6ii.  per  ton,  depending  upon  the  scale  of  treatment, 
arrangement  of  plant  and  other  conditions.  If  therefore  there  is 
not  any  great  difference  in  their  relative  average  percentage  of 
extraction,  dealing  with  ores  of  similar  grade  and  suitable  cha- 
racter, it  would  certainly  seem  as  if  the  Diehl  process  should  be 
well  able  to  hold  its  own  with  its  earlier  rival — the  Boulder  Main 
Reef  process — in  "  plants "  possessing  about  t/ie  same  capacity. 
With  cheaper  water  obtainable,  treatment  costs  at  Kalgoorlie 
would  of  course  be  materially  reduced  all  round. 

T/te  Riecken  Process. 

The  third  process,  of  which  mention  has  been  made,  was 
tested  on  a  working  scale  by  the  owners  of  the  patents  at  the 
South  Kalgurli  mine.  The  principles  of  the  process  on  an  experi- 
mental scale  appeared  metal lui^ically  practicable,  and  it  has 
attracted  a  larger  amount  of  attention  at  Kalgoorlie  than  any 
other  patent  process  except  the  Diehl ;  but  it  remains  to  be 
demonstrated  that  it  can  treat  Kalgoorlie  ore  as  cheaply  and 
effectually  as  other  processes  in  use. 

The  process  is  an  electro-chemical  one,  and  differs  materially 
from  both  the  Diehl  and  the  Boulder  Main  Reef  processes,  as  whilst 
any  coarse  gold  is  amalgamated,  the  fine  gold  is  dissolved  by  the 
cyanide  solution  (ordinary)  used,  and  the  auro-cyanide  being  broken 
up,  this  portion  of  the  gold  is  also  recovered  in  the  form  of  amalgam, 
heing  deposited  on  the  amalgamated  sides  of  an  electro-vat  instead 
of  being  precipitated  on  zinc.  One  advantage  claimed  is  that  the 
bullion  produced  is  "  finer,"  "  thus  avoiding  the  deductions  that  are 
frequently  made  for  refining  cyanide  bullion,  which,  if  impure,  may 
amount  to  if  per  cent.     Any  coarse  particles  of  gold  in  the  ore  too 

•  The  amalgam  obtained  is  slued  to  be  very  finely  divided,  containing  about  rj  per 
eenl.  of  fiae  gold  ;  and  results,  ailei  retorting  and  melting,  when  treating  ores  free  frc>m 
sIlTcr,  in  a  bullion  about  930  tine. 
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large  to  be  dissolved  by  the  solvent  are  also  mechanically  amal- 
gamated. Thus  three  operations  are  performed  simultaneously : 
(i)  Amalgamation  of  the  coarse  gold  ;  {2)  solution  by  cyanide  of 
the  fine  gold  ;  (3)  electrical  precipitation  of  this  dissolved  gold. 

In  dealing  with  telluride  ores,  they  have  to  be  roasted  as  in  the 
Boulder  Main  Reef  process,  but  the  Riecken  system  avoids  the 
cost  of  pan  amalgamation,  and  the  expense  of  double  filter-press- 
ing, or  otherwise  eliminating  the  harmful  salts,  as  it  claims  to  effect 
the  destruction  of  the  cyanides  by  the  action  of  the  electric  current 
on  the  salt  bath,  producing  hyperchlorites,  and  so  converting  any 
ferrous  salts  that  may  be  present  into  ferric  salts,  by  which  con- 
sumption of  cyanide  is  reduced  ;  and  it  is  stated  that  it  does  not 
consume  in  practice  more  than  about  2  lb.  per  ton. 

As  ordinary  cyanide  is  employed,  it  seeks  to  escape  the  use  of 
the  more  expensive  chemicals  required  in  the  Diehl  process,  recover- 
ing the  gold  in  one  operation  in  place  of  two. 

It  seems  comparatively  simple  to  operate,  and  appears  to  require 
little  power.  Whilst,  finally,  one  of  its  chief  claims  is  that  by  the 
action  of  the  electric  current,  the  films  formed  on  the  gold  in  roast- 
ing, which  act  prejudicially  in  pan-amalgamation,  are  removed. 

Theore  to  be  treated  must,  of  course,  be  first  pulverised  to  such 
a  degree  of  fineness  as  will  allow  of  its  being  liberated  by  roasting, 
and  freed  from  its  enveloping  matrix  or  gangue.  The  pulp  in  the 
"  electro-vat "  is  made  up  of  about  equal  weights  of  ore  and  solution, 
and,  owing  to  the  presence  of  salt  in  the  water  in  Western  Australia, 
its  conductivity  is  excellent,  so  that  a  current  of  low  potential 
suffices  to  precipitate  the  gold.  The  requisite  current  for  each  vat 
is  stated  to  be  about  250  amperes,  of  2  ■  5  volts  potential,  that  is  to 
say,  f  of  an  electrical  horse-power  are  sufllicient  to  precipitate  the 
gold  in  18  tons  of  ore.  The  practical  difficulty  Mr.  Von  Gernet, 
M.  Inst.  M.M.,*  has  noticed,  and  which  Dr.  Kirke  Rose,  A.R.S.M., 
has  described,!  regarding  the  formation  of  hard  black  deposits  on 
ordinary  amalgamated  copper  plates  when  used  as  cathodes  to 
separate  gold  from  electrolysed  auro-cyanide  solutions,  is  apparently 
overcome  by  the  thin  stream  of  mercury  kept  constantly  passing 
over  the  "  plates,"  this  forming  a  "  flowing  mercury  cathode."  which 
is  one  of  the  most  interesting  features  of  the  process  ;  and,  in  fact, 

•  Proc.  Chtm.  and  Mtt.  Sot.  of  Soulh  Africa,  vol.  i.  p,  30, 

t  '  The  Eleetricnl  PrccipiUtion  of  Gold  on  Amal^'imttled  Copper  PUtM,'  by  T.  Kirke 
Ross,  B.Sc,  etc.,  Tniat,  Inst,  of  Mining  n<id  Metallursy,  vol.  viii. 
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without  this  constant  stream  of  mercury  passing  over  the  surface 
of  the  plates,  not  only  do  they  quickly  become  foul,  but  the  gold 
separated  from  solution  is  deposited  upon  the  plates  as  black 
spongy  gold,  which  is  easily  detached,  as  it  adheres  but  loosely  to 
them  ;  this  is  prevented  by  the  great  excess  of  mercury  used  in 
this  case.  It  would  seem  from  Dr.  Rose's  experiments,  however, 
that  the  density  of  the  current  must  not  exceed  a  fraction  of  an 
ampere  per  square  foot,  as  with  too  high  a  current  density,  scales 
of  carbonate  and  sulphate  of  lime,  magnesia  and  hydrates  and 
oxides  of  soluble  liase  metals,  would  be  liable  to  form  on  the 
plates,  and  interfere  with  the  precipitation  of  the  gold.  It  will 
be  interesting  to  learn  how  far  the  cyanide  solutions  suffer  loss 
by  copper  being  dissolved  from  the  "  plates," 

The  "  plant "  needed  to  carry  out  the  process  in  the  form  origi- 
nally proposed  for  dealing  with  the  Kalgoorlie  ores  consists  of  dry- 
crushing  machinery ;  roasting  furnaces  ;  circular  agitating-vats,  for 
effecting  the  solution  of  the  gold  in  the  cyanide  solution  ;  electro- 
precipitating  tanks ;  revolving-settlers  for  catching  any  mercury  or 
amalgam  that  might  become  incorporated  with  the  tailings  dis- 
charged from  the  precipitating  tanks ;  "  sumps,"  for  settling  the 
tailings  and  clarifying  the  cyanide  liquors;  and " power-plant "  and 
dynamo  for  generating  the  necessary  electrical  current.  In  addition 
to  which,  special  arrangements  are  provided  for  handling,  circulating, 
and  cleaning  the  mercury,  which  passes  out  through  a  trap  in  the 
bottom  of  the  tank  and  is  re-elevated  in  a  bright,  unfloured,  and 
active  condition.  The  patentees  claim  that  sufficient  sodium  is 
introduced  automatically  into  the  mercury  by  the  action  of  the 
process  to  preserve  it  in  a  perfectly  quick  and  brilliant  form,  and 
it  is  returned  to  a  reservoir  on  top  of  the  "  electro-vat."  The  settlings 
or  "bottoms"  collected  in  the  settlers  can  be  taken  care  of  by 
passing  them  over  Wilfley  tables,  to  save  any  mercury  or  amalgam 
that  might  otherwise  escape. 

The  only  portion  of  the  machinery  that  needs  special  comment 
is  the  iron  precipitating-tank  for  the  electro-deposition  of  the  gold. 
This  is  13  feet  4  inches  long,  8  feet  3  inches  wide  at  the  top,  and 
1 1  feet  deep,  built  with  vertical  ends,  inclined  sides  and  rounded 
bottom,  and  is  traversed  by  a  horizontal  shaft,  which  passes  through 
stuffing-boxes  at  each  end,  and  is  fitted  with  wooden  "  paddles." 
The  shaft  is  actuated  by  suitable  gear  outside,  and  rotates  about 
twelve  times  per  minute,  so  as  to  churn  up  the  contents  of  the 
vessel.     The  paddles  are  spaced  12  inches  apart,  between  centres, 
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across  the  vat,  and,  in  revolving  their  ends,  sweep  round  the 
circular  bottom  of  the  vat,  distant  therefrom  about  2  inches. 

The  sides  and  bottom  are  lined  with  removable  "  copper  plates," 
of  1^  inch  soft  copper,  with  a  backing  of  \  inch  sheet  iron  fastened 
together  with  iron  rivets.  These  form  the  cathode  plates,  or  nega- 
tive poles  of  the  circuit,  down  which  a  thin  stream  of  mercury  is 
kept  constantly  flowing,  impinging  on  them  in  a  number  of  fine 
jets  from  a  perforated  pipe  running  along  the  edge  of  the  vat.  The 
bottom  plates  are  four  in  number,  curved  to  conform  to  the  bottom 
on  which  they  rest,  to  which  they  are  fastened  by  bolts,  whilst  the 
eight  side  plates  (10  feet  long  and  3  feet  4  inches  wide),  which  are 
fastened  by  clamps,  have  handles  riveted  to  them,  by  which  they 
can  be  easily  lifted  out.  The  anodes,  or  positive  poles  of  the  cir- 
cuit, consist  of  twelve  flat  bars  of  iron,  3  inches  wide  by  i  inch 
thick,  set  about  18  inches  away  from  the  "copper  plates"  and 
18  inches  apart,  curved  in  such  a  way  as  to  be  always  parallel  to 
the  cathodes.  The  arms  of  the  paddles  pass  between  these  bars, 
which  form  the  anodes.  By  means  of  a  small  force  "  pump,"  as 
already  said,  the  "  regenerated  "  mercury,  which  is  kept  clean  and 
active  by  chemical  treatment  in  a  trough  outside,  is  maintained  in 
constant  circulation,  running  down  to  the  bottom  of  the  tank  and 
into  a  receptacle  from  which  it  is  pumped  back  again.  It  is  stated 
as  a  point  to  be  remarked,  that  under  these  conditions  the  gold 
cannot  be  scoured  off  by  the  attrition  of  the  pulp  in  the  vat. 

The  tailings  are  discharged  through  a  pipe,  at  some  height 
above  the  level  of  the  bottom,  and  delivered  into  a  settler,  and  any 
settlings  that  'may  collect  can  be  passed  over  a  concentrator  when 
a  final  clean-up  takes  place. 

In  starting  the  process,  the  tank  is  filled  with  salt  water  (the 
natural  mine  water  answering  this  purpose  in  Western  Australia), 
and  after  the  agitators  have  been  set  in  motion,  the  ore  is  fed  in, 
until  it  forms  an  easily-flowing  pulp  ;  any  coarse  gold,  brightened 
by  the  action  of  the  electric  current  and  cyanide,  will,  it  is  claimed, 
be  thus  rapidly  amalgamated. 

Each  precipitating-tank  is  stated  to  be  capable  of  treating  two 
chaises  of  15  to  18  tons  each,  in  24  hours,  and  it  is  said  that  careful 
tests,  on  a  practical  scale,  have  shown  that  not  over  3  horse-power 
are  required  to  imitate  the  ore  and  supply  current  to  each  vat ; 
whilst  only  a  small  stafl"  is  needed  to  operate  the  plant,  as  no 
manual  labour  is  required  in  filling  or  discharging  the  semi-liquid 
"pulp." 
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A  0'o5  per  cent,  to  0*075  P^r  ""^^  solution  of  ordinary  po- 
tassium cyanide  will  it  is  claimed,  reduce  the  tailings  of  most 
ores  down  to  2  or  3  dwt. ;  and  it  is  reckoned  with  high-grade  ores 
of  2  oz.  or  over,  that  r8  hours'  treatment  will  extract  90  to  95  per 
cent,  of  the  gold  ;  whilst  with  low-grade  slimes  carrying  3  or  4  dwt., 
it  may  be  completed  in  about  six  hour.s.  The  probable  loss  of 
mercury  is  said  not  to  exceed  2  oz.  per  ton. 

The  estimate  originally  given  of  the  cost  of  treatment  was  as 
follows  : — 

!.       d. 

Cranide  (i  lb.  at  \t.  id.  |>et  lb.)   ....         2    4 

Mercury    ........03 

Power,  i  hoisc-power  (cobI  at  i/.  per  ton)      .         .         06 

Water  (200  gallons) 10 

Labour  and  stores  for  engine  and  dynamo      .  06 

Cost  per  ton  treated         .         .68 

To  the  above  must,  of  course,  be  added  the  extra  expense  of 
fine-crushing  and  roasting ;  but  these,  under  favourable  conditions, 
were  not  expected  to  cost  more  than  ds.  Jti,  and  adding  \s.  extra 
for  repairs  the  total  cost,  including  general  chaises,  was  estimated, 
I  believe,  at  about  i6j.  a  ton. 

Consequently,  if  the  process  should  prove  able  to  extract  on  a 
large  working  scale  as  high  an  average  as,  say  92  to  93  per  cent 
of  the  gold,  even  with  an  addition  of  20  per  cent,  to  these  costs, 
it  would  no  dotibt  be  capable  of  competing  with  other  methods  of 
treating  the  high-grade  sulpho-telluride  ores  of  Western  Australia. 

A  test  made  in  London  in  1901,  under  the  supervision  of  Mr. 
A.  C.  Claudet  and  the  Author,  on  a  small  trial  lot  of  North  Boulder 
,. sulpho-telluride  ore  assaying  2  oz.  6  dwt.  gold,  and  17  dwt.  silver 
before  roasting,  and  2  oz.  19  dwt.  gold,  and  12  dwt,  silver  (per  ton 
of  2240  lb.)  after  roasting,  showed  by  assay  an  average  extraction 
of  94  per  cent,  in  lof  hours,  using  a  "03  per  cent,  solution  which 
half-way  through  the  run  was  brought  up  to  '069  per  cent,  strength. 

The  South  Kalgurli  (Netv)  Sulphide   Works. 

The  following  particulars  of  this  plant  are  taken  from  the 
description  given  of  it  by  Mr.  Robert  Allen  *  and  that  of  the  local 
correspondent  of  the  Financial  Times.^ 

*  op.  cil.,  Roj'al  Commission,  Glasgow,  1901. 
t  Financial  'limes,  letter  dated  Januarj'  19,  1901. 
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The  ore  trammed  from  the  mine  is  crushed  ■  in  two  No,  2  Gates 
crushers,  which  reduce  it  to  about  24-inch  cubes.  It  then  passes 
through  a  pair  of  42-inch  diameter  Gates  rolls,  by  which  it  is 
crushed  to  ^-inch  cubes,  and  gravitates  into  two  70-ton  bins. 

From  these  bins  the  ore  is  distributed  by  screw-conveyors  to 
five  Griilin  mills  (run  dry),  after  which  f  practically  all  the  ore  will 
pass  a  sieve  of  80  meshes  to  the  linear  inch.  It  is  then  elevated 
by  five  belt-and-bucket  elevators  to  hoppers,  from  which  it  is  fed 
through  fluted  rollers,  and  roasted  in  two  straight-line  furnaces 
with  hearths  147  feet  long  and  10  feet  wide,  which  together  are 
able  to  roast  between  75  and  80  tons  per  diem,  using  wood  fuel ; 
whilst  a  third  furnace,  built  in  November  1901,  increased  the  roast- 
ing capacity  of  the  works,  I  understand,  to  2S00  tons  per  month. 

The  ore  in  the  furnaces  is  stirred  and  carried  forward  by  travel- 
ling  rabbles,  and  discharged  on  to  a  push-conveyor,  which  carries 
the  red-hot  ore  to  a  cooling-hearth  of  the  same  length  as  the  fur- 
nace, where  it  is  turned  over  by  travelling  rabbles,  and  carried  to 
an  undei^ound  bin. 

A  belt-and-bucket  elevator  lifts  the  ore  from  this  bin  to  a 
covered  mixing-vat,  where  it  is  mixed  with  an  equal  quantity, 
•C4  to  "07  per  cent,  strength,  of  cyanide  liquor,  so  as  to  make  it 
into  a  thick  pulp  (one  part  of  ore  to  one  of  solution)  ;  and  it  is 
kept  stirred  by  paddle-agitators,  until  the  fine  gold  is  dissolved, 
whilst  the  coarse  gold  is  rendered  readily  amalgamable. 

The  four  %  electro-vats,  in  which  the  pulp  is  agitated  with  paddle- 
imitators,  are  each  I2  feet  long,  11  feet  deep,  and  8  f>:et  6  inches 
wide,  with  sloping  sides  terminating  in  the  rounded  bottom  of  the   ' 
tank,  and  vertical  ends  ;  these  last  support  a  horizontal  shaft  that 
carries  the  paddles. 

Three  of  these  tanks  hold  pulp  equivalent  to  20  tons  of  raw 
ore,  the  fourth  holding  17  tons, 

A  current  of  electricity  is  supplied  by  one  of  a  pair  of  plating 
dynamos  of  between  180  and  200  amperes,  at  between  two  and 
three  volts,  representing  about  two-thirds  of  an  ampere  per  square 
foot  of  cathode  surface  ;  the  copper  plates  are  in  removable  sections, 
and  cover  the  sides  and  bottom  of  the  tank. 

Agitation  is  continued  for  16  to  18  hours  for  each  charge. 

*  No,  3  Gates  crusher  was  aflecvratds  added  to  the  plant,  and  x  sixth  Griffin  niill. 

t  A  screen-separator  was  put  in  below  the  Uriflin  mills  euty  in  190a,  to  prevent  uiy 
coarse  pirticles  going  to  tbe  Riecken  vats — in  cue  of  the  breakage  of  a  mill-screen  -~ 
which  IS  liable  to  inleriupt  the  regular  distribution  of  the  mercnry, 

%  An  additiunal  vat  wsi  add^  in  January  190Z. 
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The  plates  are  kept  bright  by  a  constant  stream  of  mercury 
distributed  over  them  in  jets  by  horizontal  pipes  parallel  with  the 
top  of  the  plates,  the  pipes  being  pierced  with  a  row  of  equi- 
distant holes,  and  reciprocated  backwards  and  forwards  a  couple  of 
inches  or  so. 

The  mercury  drawn  off  at  the  bottom  of  the  tank  is  re-elevated 
to  a  small  overhead  reservoir  for  redistribution  by  an  air-jet  The 
bulk  of  the  gold  is  recovered  as  thin  amalgam  in  the  bottom  of  this 
reservoir. 

The  remainder  of  the  gold  is  collected  from  the  plates  when 
sufficient  amalgam  has  accumulated  to  warrant  removal ;  and  when 
a  clean-up  takes  place,  the  "  plates  "  are  lifted  from  the  tank  by 
tackle,  and  removed  on  a  trolley  to  the  "clean-up  room."  The 
gold  thus  easily  recovered  is  worth  about  3/  igj,  td.  an  ounce. 

After  the  pulp  is  exhausted,  it  is  drawn  off  from  the  tank 
through  a  valve  at  the  bottom  of  one  of  the  vertical  ends  of  the 
vat,  and  dischai^ed  into  two  storage  vats,  12  feet  in  diameter  and 
6  feet  deep,  where  it  is  kept  agitated  to  prevent  settling.  It  is 
drawn  off  as  required  into  one  of  two  montejus,  and  filter-pressed 
in  the  Dehne  presses,  to  express  the  surplus  liquor,  so  that  the  cakes 
can  be  dumped. 

The  plant  started  work  on  December  11, 1900,  and  is  stated  ■  to 
have  treated  580  tons  of  ore  in  three  weeks,  which  yielded  580  oz, 
6  dwL,  an  extraction  of  91  per  cent.,  at  a  cost  of  z^s.  ^d.  The  plant 
was  taken  over  by  the  South  Kalgurli  Company  in  February  1901, 
after  a  month's  trial,  the  results  of  which  I  am  informed  were  as 
follows : — 

Tons  treated 
Gold  lecomed,  oi. 
GoldcoDteDti     „ 
Value  of  tAilines    . 
Extraclion    . 

Coupnion. 
t.      d. 

Labour 3    4*53 

Cjanide 3    yoo 

Water o    1-46 

Assay* I     3"a4 

Superintendence  o    7-08 

Steam  power I    4*46 

Mercury o    4-03 

9    4-80 

"  Finairaul  Timts,  leltei  dated  Januaiy  19,  1901. 
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As  before  pointed  out,  these  costs  do  not  include  the  mechanical 
preparation  of  the  ore,  or  roasting  it.  The  Author  was  informed, 
however,  that  being  a  trial  run,  they  covered  certain  incidental 
expenses  which  should  not  be  ordinarily  incurred  in  regular  work, 
which  it  was  anticipated  would  reduce  the  above  figures :  but  judging 
from  subsequent  results,  other  charges  have  offset  this  expecta- 
tion. Mr.  Robert  Allen  estimated  early  in  1901  that  "  an  extraction 
of  93  per  cent  was  being  obtained  by  this  process." 

In  his  report  for  July  1901,  Mr.  John  M.  lies,  under  the  head 
of  Milling,  says  : — 

"  The  mill  run  for  the  month  has  been  good,  considering  the  new 
plant,  and  the  different  arrangement  of  appliances.  The  figures  are 
as  follows : — 


1800  1783         0-957 

"The  new  roasting  furnace  did  not  deal  with  as  many  tons  as  I 
had  anticipated.  Owing  to  the  arrangement  for  the  draught  not 
being  sufficiently  effective,  other  additions  had  to  be  made,  and 
whilst  this  was  being  done  only  a  moderate  quantity  could  be 
roasted.  Towards  the  end  of  the  month  the  defects  were  remedied, 
and  good  results  were  obtained.  A  little  delay  also  occurred 
through  the  mixer-shaft  breaking. 

"  Costs. — In  reviewing  the  milling  cost-sheets,  the  cost  of  roasting 
is  noticed.  The  amount,  8j.  T<yid.  per  ton,  is  heavier  than  usual. 
The  chief  reason  for  this  increase  is  the  faulty  draught,  because,  to 
enable  a  proper  heat  to  be  maintained,  extra  fuel  had  to  be 
consumed.  The  present  altered  conditions  should  lessen  this 
charge  in  future. 

"  Cyanide. — Owing  to  the  roast  the  cyanide  consumption  is 
heavier  than  it  would  have  been  under  better  circumstances. 

"  Oxides. — The  quantity  of  oxides  treated  is  smaller  than  usual. 
In  future  the  operations  on  this  class  of  ore  will  be  irregular,  as  only 
at  times,  when  circumstances  are  favourable,  will  the  treatment  be 
carried  on. 

"  Under  favourable  circumstances,  the  mill  as  it  stands  at 
present  Is  capable  of  dealing  with  2000  tons  of  ore  per  month,  and 
as  the  cost  of  treating  this  quantity  will  show  only  comparatively 
little  increase  on  the  total  working  expenses  for  the  present  month 
(July),  there  should  be  a  marked  improvement  in  the  Individual 
costs  on  such  an  output,  j 
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"The  extension  of  the  Riecken  plant  is  practically  complete. 
The  copper  plates  are  delivered,  and  the  dynamo  should  be  here  in 
a  week  or  so." 

The  returns  for  August  were  given  in  a  subsequent  cable,  dated 
September  9,  1901. 

"Have  cleaned-up — worked  740  hours  —  sulphides  1600  tons 
yielding  1629  oz. — this  includes  1 50  absorbed  amalgamating  fourth 
Riecken  vat ;  oxides  34D  tons,  yielding  223  oz. — this  includes  con- 
centrates to  the  value  of  89  oz." 

A  cable,  dated  September  16,  gave  the  costs  as  follows  : — 

"Sulphides,  milling  i/.  %s.  \d. ;  extraction  92  per  cent ;  the  gold 
is  worth  per  oz.  3/.  i4j^.  gt/.  Oxides,  milling  i/.  Or.  l  \d. ;  extraction 
93  per  cent ;  the  gold  is  worth  per  oz.  3/.  igj." 

In  the  Report  of  the  Annual  Meeting  •  the  costs  in  October 
1901,  were  stated  to  have  been  2Ts.  6d.  per  ton. 

It  appears  from  the  Annual  Report  of  the  Company  that 
during  the  year  ending  September  30, 1901, 10,890  tons  of  sulphide 
ore  were  treated  by  the  Riecken  process,  and  the  average  extrac- 
tion was  about  92  per  cent  The  average  cost  was  34^.  0'33(/.; 
but  in  the  latter  part  of  1901,  as  already  shown,  this  was  con- 
siderably reduced  ;  and  in  February  1902,  treating  2670  tons  of 
sulphide  ore,  which  yielded  2777  oz.  of  bullion  worth  3/.  lu.  per 
oz.,  the  cost  is  stated  to  have  been  brought  down  to  25;.  2d. ; 
but  it  appears  that  the  extraction  fell  concurrently  to  90  per  cent. 

Referring  to  the  Riecken  process  in  his  Annual  Report  dated 
October  i,  1901,  Mr.  lies  remarked,  this  method  so  far  had 
given  excellent  results ;  plant  of  the  extra  capacity  required  to 
meet  the  increased  output  had  been  ordered  and  erected,  and  in 
future  the  whole  treatment  of  sulphide  ore  would  be  completed  by 
this  process.  Mr.  lies  estimated  that,  on  the  basis  of  treating 
2800  tons  per  month,  costs  could  be  reduced  to  20s.  8"57i/.  per 
ton.  Judging  from  the  figures  given  on  p.  392,  this  would  appear 
possible  with  lower  handling,  crushing  and  roasting-charges  (exclu- 
sive of  any  supplementary  treatment) ;  but  in  Cyanide  Practice, 
third  edition  (1903),  it  is  stated  that  the  Riecken  plant  on  the 
Great  Boulder  No.  1  mine  has  been  shut  down,  and  that  filter- 
presses  and  zinc-precipitation  are  now  employed  at  the  South 
Kalgurli ;  and  in  a  report  dated  January  23,  1903,  Mr.  Rich 
Hamilton  advises  altering  the  system  of  treatment,  on  very  much 

*  Financial  7iinis,  Janaaiy  21,  1902. 
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the  same  lines  as  that  in  use  at  the  Great  Boulder,  by  which  he 
anticipates  that  the  cost  of  handling  and  treating  the  ore  from  the 
main  shaft  to  the  residue  dump  should  only  amount  to  about  i8j. 

Tfie  Ivanlwe  Sulphide  Works. 

A  small  plant  was  erected  at  these  works  in  the  first  instance 
for  the  experimental  treatment  of  sulphide  ore,  consisting  of  a 
small  roasting- furnace  •  for  roasting  concentrates  from  the  oxidised 
ores,  and  for  treating  small  lots  of  rich  sulphide  ore  ;  the  method 
of  extraction  pursued  consisted  in  reducing  the  ore  in  ball-mills, 
elevating  it  to  the  furnace  and  rttasting,  then  passing  it  through 
grin  ding- pans,  agitating  with  cyanide  solution,  and  filter-pressing ; 
much  on  the  lines  followed  in  the  Boulder  Main  Reef  process. 

Thb  plant  started  work  in  February  1900,  and  treated  601 
tons  of  concentrates  and  378  tons  of  sulpho-telluride  ore  for  yields 
of  S939  oz.  12  dwt.  and  1478  oz.  9  dwt.  of  bullion,  showing  averages 
of  9  oz.  17  dwL  15  gr.  and  3  oz.  18  dwt.  6  gr.  per  ton  respectively  ; 
and  the  costs,  which  came  to  10s.  1 1  -S^od.  per  oz..  are  given  below 
in  detail : — 


— 

1             Toul  Cost. 

C».p.M„. 

£      1.   <i- 

I     '■ 

./. 

0-777 

Water          .... 

3*3  "3    3 

7-3«S 

318    0    4 

S-96r 

Stores          .... 

Filler-presses 

204  19    4 

2-247 

Repairs  and  renewals    . 

175  "    a 

°     3 

7-038 

4074  '4    0 

4    3 

1-905 

TAe  Ivanlwe  Process. 

The  fourth  system  of  treatment  adopted  for  dealing  with  sul- 
phide ore,  and  which,  for  want  of  any  better  name,  I  have  termed 
"  the  Ivanhoe  sulphide  process,"  proceeds  on  quite  different  lines 
from  the  process  before  described,  being  simply  an  adaptation  of 
the  old  method  of  treating  oxidised  ore,  and  has  so  far  successfully 
dealt  with  the  ore  from  the  different  deep  levels  of  the  Ivanhoe  mine. 

In  1900  a  series  of  experiments  were  made  on  ore  from  the  300, 
400  and  500-feet  levels,  with  five  stamps  set  apart  for  the  purpose. 
jvided   with  water-cooled 
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The  battery  pulp,  after  it  was  crushed,  was  passed  over  a 
Wilfley  concentrator,  and  the  tailings  were  delivered  to  a  75-ton 
vat,  where  the  slimes  were  separated  from  the  sands. 

The  sands  which  settled  were  treated  by  percolation,  and  the 
slimes  were  agitated  with  KCy  and  filter-pressed. 

The  concentrates  caught  were  roasted  and  cyanided. 

Some  458  tons  treated  in  this  manner  gave  an  84  per  cent 
extraction. 

The  old  oxidised  battery,  Fig.  64  {for  a  view  of  which  I  atn  in- 


Flc.  64.— iNTKRioR  OF  THE  IvANHOB  Batteky.     (Sho»[ng  apron-pl«le» 
and  head  of  canvas  tables.) 

debted  to  the  courtesy  of  the  company),  described  in  Chapter  VIII., 
was  remodelled,  and  particulars  of  the  method  of  treatment  em- 
ployed are  given  by  Mr.  Robert  Allen ;  •  in  the  company's  Annual 
Reports  for  1900  and  1901  ;  and  in  a  Report  by  Messrs,  Bewick, 
Moreing  and  Co.,  dated  July  19,  1902,  as  follows : — 

The  ore  (raised  from  Patterson's  shaft)  is  first  passed  over  a 
grizzly  with  2-inch  spaces,  and  the  coarse  portion  is  broken  by  a 
No.  5  Gates  breaker,  the  product  of  which,  with  the  previously- 
separated  fines,  falls  into  a  342-ton  bin  ;  a  duplicate  No.  S  Gates 
•  Of.  at. 
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breaker  was  installed  and  the  bin-capacity  was  enlarged  in  1901  ; 
but  the  present  arrangement  of  the  bins  is,  I  believe,  undergoing 
alteration,  and  the  ore  is  to  be  passed  through  a  double  set  of 
breakers,  so  as  to  deliver  a  finer  product  to  the  mill. 

From  the  discharge-shoots  of  the  shaft-bin  the  ore  is  trucked 
in  15-cwt.  trucks  to  the  stamp-mill,  the  stamps  of  which,  in  the 
old  60-head  battery,  weighed  900  lb.,  and  were  run  at  90  drops  per 
minute  ;  their  duty  being  about  3i  tons  per  24  hours,  using  No.  16 
punched  screens. 

The  feeders  are  of  the  Challenge  type.  The  pulp  issuing  from 
the  boxes  flows  over  apron-plates  each  15  feet  long  by  5  feet  wide 
and  then  over  canvas  tables  40  feet  long  and  22  feet  wide.  The 
concentrates  which  these  latter  appliances  eliminated,  represented 
about  I  per  cent,  of  the  ore  (worth  about  10  oz.  per  ton),  and  were 
shipped  to  Fremantle. 

This  part  of  the  plant  was  remodelled,  however,  in  1901-1902 
to  correspond  with  the  new  40-head  battery,  by  putting  in  12 
Wilfley  tables  below  the  apron-plates  to  supplement  the  canvas 
strakes,  as  explained  below,  and  heavier  stamps,  to  correspond 
with  the  new  battery,  have  been  "  put  in.  The  sands  and  slimes 
which  escape  from  the  canvas  tables  are  elevated  by  means  of  two 
i2-inch  tailings  pumps,  and  delivered  to  a  spitzkasten. 

This  spitzkasten  delivers  a  coarse-sand  "  underflow,"  and  a 
fine  sand  and  slime  "overflow."  The  former  is  ground  in  four 
Wheeler  pans  which  deal  with  about  35  tons  of  sands  daily  of  an 
avenge  value  of  say  13  dwt. ;  the  gold  set  free  (estimated  at 
about  3  dwt.  per  ton  of  sands)  is  amalgamated,  and  the  con- 
tinuously-overflowing pulp  is  re-elevated  by  the  pumps  and  re- 
turned to  the  spitzkasten.  Pan-grinding  is  an  important  feature 
of  the  process,  as  gold  is  not  only  recovered  as  amalgam,  but  the 
gold  that  remains  after  re-grinding  is  said  to  be  more  easily 
attacked  by  cyanide.  The  overflow  from  the  spitzkasten  is  de- 
livered through  Butters  and  Mein's  distributors  to  one  or  other  of 
twelve  collecting-vats,  each  21  feet  in  diameter  and  6  feet  6  inches 
deep.  The  slime  overflow  from  the  vats  is  passed  through  a  second 
spitzkasten,  in  order  that  any  sands  which  may  have  escaped  may 
be  returned  to  the  vats. 

After  draining  in  the  coilecting-vats,  the  sands  which  averaged 

•  The  first  ten  were  reported  by  cable  on  September  9,  1902,  to  have  started  work, 
anil  the  others  subsequently. 
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about  9' 5  dwt.  per  ton  in  value  for  the  six  months  ending  June  30, 
1902,  receive  a  preliminary  treatment  with  cyanide,  and  are  then 
discharged  into  a  second  set  of  twelve  vats  below,  22  feet  in  dia- 
meter and  6  feet  6  inches  deep,  where  th«r  treatment  is  completed. 
The  gold  solution  from  these  sands  is  precipitated  in  three  zinc 
extractor-boxes.  The  residues  for  the  six  months  ending  June  30, 
1902,  are  stated  to  have  averaged  3*07  dwt.,  showing  an  extraction 
of  6-45  dwt  or  677  per  cent. 

The  slimes  overflowing  from  the  second  spitzkasten,  which  were 
reckoned  to  average  926  dwt.,  pass  to  one  of  eight  settling-tanks, 
where  they  are  thickened  by  settlement  to  about  the  consistence 
of  one  part  slime  to  one  part  water,  the  supernatant  liquor  being 
drawn  off.  Agitator  paddles,  with  which  the  tanks  arc  provided, 
are  then  set  in  motion,  and  when  the  pulp  is  all  fluid  again,  it  is 
discharged  into  a  small  "  mixing-tank,"  fitted  with  a  propeller- 
shaped  agitator,  the  necessary  cyanide  solution  being  introduced 
at  the  same  time  and  incorporated  with  the  pulp.  An  8-inch 
plunger-pump  delivers  the  cyanided  pulp  to  one  of  six  agitator 
vats,  each  20  feet  in  diameter  and  10  feet  deep,  where  it  is  agitated 
for  about  24  hours,  after  which,  by  means  of  one  of  two  montejus, 
the  pulp  is  forced  into  five  Dehne  filter-presses,  each  of  a  capacity 
of  3  tons  of  ore,  holding  2-inch  cakes.  After  treatment  the  residues 
are  stated  to  have  averaged,  for  the  six  months  ending  June  30, 
1902,  2 '33  dwt.,  showing  an  extraction  of  6-93  dwt.  or  74  8  per 
cent.  The  relative  proportion  of  sands  and  slimes  crushing 
X8,o84  tons  in  1901,  was  49  per  cent,  and  51  per  cent  respectively  ; 
but  on  hard  sulphide  ore,  the  proportions  would  more  likely  be 
57  per  cent,  sands  and  43  per  cent.  sHmes. 

The  solution  from  the  presses,  after  passing  through  a  Dehne 
filter-press  to  clarify  it,  is  deprived  of  its  gold  by  passing  through 
two  slimes  zinc-extractor  boxes. 

The  original  capacity  of  the  Ivanhoe  plant  was  about  6500  tons 
per  month,  but  with  the  new  40-head  battery  of  i  ico  lb.  of  Fraser 
and  Chalmers  stamps  (running  at  93  drops  per  minute  with  a 
capacity  of  3-97  tons  per  head)  in  operation,*  it  was  calculated 
to  be  able  to  treat  about  I0,000  tons  per  month.     The  arrange- 

•  These  were  reported  as  having  slarled  work  on  Seplember  ag,  I901.  The  dutj  of 
the  old  60-heAd  battery  in  1901  was  3'63  t'jns  per  stamp  pei  24  hours,  and  probabljr  Dot 
inoie  than  3'4  tons  could  be  calculated  upon  vilh  harder  ore. 
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meiit  in  the  new  mill  differed  at  first  slightly  from  that  originally 
pursued  in  the  old  mill,  until  the  old  mill  was  remodelled  to  corre- 
spond with  it.  The  pulp  from  all  the  batteries  is  now  passed  over 
amalgamated  copper  tables,  then  elevated  to  a  spitzkasten,  and 
the  coarse  and  fine  product  of  each  set  of  ten  stamps  is  treated 
separately  on  a  pair  of  Wilfley  tables. 

The  eight  Wilfleys  in  the  new  mill  were  stated  to  have  saved 
some  S  tons  of  concentrates  per  diem,  worth  about  4  oz.  of  gold 
per  ton,  in  1901  ;  and  with  12  tables  to  be  added  to  the  old  mill, 
it  was  expected  that  1 1  tons  of  concentrates  of  the  above  value 
would  be  caught  daily  ;  the  actual  quantity  appears  to  have  been 
about  13  tons,  of  an  average  value  of  3^  oz. 

The  tailings  of  the  tables  are  run  over  canvas  strakes  30  feet 
in  length  and  22  inches  wide,  and  pumped  to  the  cyanide  works, 
where  they  are  dealt  with  in  the  manner  already  described. 

The  plant  was  increased  in  1901  by  the  addition  of  eight  out  of 
the  twenty-four  collectii^  and  leaching-vats,  and  the  requisite 
auxiliary  machinery  was  added  to  the  cyanide  works  to  cope  with 
the  extra  output  of  the  new  stamps  in  the  re-modelled  (roo-stamp) 
mill,  including  a  new  double-acting  is-inch  plunger  tailings-pump, 
which  now  lifts  the  whole  of  the  battery  tailings,  the  pump  pre- 
viously used  being  converted  into  a  return  water  pump. 

The  "canvas  tables"  are  an  important  feature  in  the  scheme 
of  treatment,  as  it  is  estimated  that  with  the  100  stamps  running 
full  time  they  should  save  about  i^  ton  of  concentrates  per  diem, 
assaying  say  12  oz.  per  ton  in  gold,  the  mineral  being  so  ex- 
ceedingly fine  that  canvas  appears  the  only  means  of  saving  it. 

The  new  40-heads  are  driven  by  a  16  inches  by  26  inches  by 
42  inches  Fraser  and  Chalmers  compound  Corliss  engine,  provided 
with  exhaust-steam  condensers,  the  old  engine  driving  the  old 
battery,  etc.,  as  formerly ;  and  four  Cornish  boilers  supply  steam 
for  the  new  engine.  The  enlargement  of  the  plant  is  stated  to 
have  cost  about  38,000/. 

The  additions  referred  to  enlarged  the  capacity  of  the  cyanide 
works,  so  as  to  enable  them  to  treat  about  6000  tons  of  sands  per 
month  ;  and  with  four  presses  running  357  days,  170  tons  of  slime 
were  dealt  with  daily  in  1901  ;  but  with  the  whole  six  presses 
(one  being  used  for  clarifying  purposes)  255  tons  of  slimes  could 
be  handled  per  diem. 
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Mr.  Robert  Allen  gives*  the  following  analysis  of  sulphide  ore 
taken  from  the  SOO-feet  level  of  the  Ivanhoe : — 

Silica 73 '°o 

Solphut yoy 

Alumina Z'lo 

Feme  oxide    .......  10*70 

Lime               .         .                            .  S'4° 

Hagnctift 3*90 

Wmter 010 

UnJetenniocd  toda,  potasb,  etc.         .  i'i9 


The  concentrates  were  formerly  shipped  with  the  rich  sulpho- 
telluride  ore  to  Freniantle  to  be  smelted ;  but  as  the  result  of  the 
experiments  before  referred  to  made  in  1900,  it  was  decided  to 
put  in  three  Edwards  furnaces  and  roast  the  concentrates  on  the 
spot  after  drying.  The  roasted  material  (representing  about  13^  tons 
ofWilfley  and  table  concentrates  and  20tonsof  tellurideore  per  day) 
is  therefore  at  present  dealt  with  by  grinding  and  amalgamating  it 
in  (three)  pans ;  the  pan-sludge  was  at  first  fed  into  the  battery- 
launder  mixed  with  the  ordinary  mill-tailings  and  delivered  to  the 
cyanide  works ;  but  it  is  now  elevated  by  a  tailings-wheel  to  a 
spitzkasten,  deposited  in  settling  vats,  transferred  to  agitators,  and 
filter-pressed.  The  filter-press  cakes  assay  about  3"3  dwt.  per  ton, 
and  an  extraction  of  about  96  per  cent,  is  obtained,  of  which 
40  per  cent,  is  won  by  amalgamation  and  56  per  cent,  by  cyanide. 
The  roasting  and  grinding  plant  is  situated  at  the  north-east  end 
of  the  lease,  near  Drysdale's  shaft  and  the  lOO-head  mill,  adjacent 
to  the  proposed  new  wood  siding,  so  that  there  will  be  no  necessity 
for  double  handling  of  fuel.  Its  cost  was  estimated  t  roughly 
at  about  5200/.  complete,  and  it  includes  besides  the  machinery 
already  mentioned  a  No.  2  Gates  crusher  and  two  No.  4  Krupp 
ball-mills  for  crushing  the  "  telluride-ore "  for  roasting,  and  an 
elevator  which  raises  the  crushed  product  to  the  furnace-bins, 
where  it  is  mixed  with  the  "  concentrates "  elevated  from  the 
drying-floor.  It  is  thought,  however,  that  the  concentrates  could 
be  more  economically  slimed  in  grit-mills  than  in  pans,  and  this 
alteration,  I  believe,  is  in  contemplation.| 

The  extension  of  the  railway-siding  to  the  condenser-plant  is 

•  Of.  cil..  Royal  Commission,  Glaseow,  JSOI. 
t  Ripon  of  the  MineMioa^cr,  October  i6,  1901. 

X  The  cost  ol  trtatmenl  in  this  plant  was  given  in  the  Mine  Repoit  of  September  30, 
1902  (ivith  one  rnniace  in  operation),  as  24/.  p«r  ton  for  tcUuride  ore,  and  3&f.  for  con- 
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stated  to  have  saved  considerable  expense  formerly  incurred  in 
carting  fuel.  In  the  Company's  Annual  Report  for  1901,  Mr. 
R.  B,  Nicolson  observed : — 

"The  lOohead  has  now  (December  31)  been  running  three 
months  for  an  actual  extraction  of  86  per  cent,  which  is  a  fair 
guide  to  future  results. 

"  When  the  loo-head  mill  is  equipped  with  Wilfley  tables,  and 
the  roasting'furnaces  working,  this  extraction  of  86  per  cent, 
should  be  increased. 

"  For  the  last  three  months  the  costs  of  crushing,  cyaniding 
and  smelting  charges  have  been  about  1  5j.  per  ton,  and  we  hope  to 
reduce  this  to  1 3^.  per  ton  when  the  roasting  plant  is  in  operation." 

In  1901  some  46,459  tons  of  sands  were  treated  in  the  cyanide 
works  (including  4593  tons  from  accumulated  heaps  which  were 
exhausted  in  July),  which  yielded  on  the  average  8  dwt.  12  gr.  in 
bullion.  The  average  value  of  the  sands  before  treatment  was 
10  dwt.  3  gr.  per  ton  in  fine  gold,  and  after  treatment  3  dwL  12  gr., 
showing  an  actual  extraction  of  65  ■  7  per  cent.  During  the  same 
period  60,624  tons  of  slimes  were  filter-pressed  (including  17.412 
tons  from  reserve  heaps),  yielding  8  dwt  2  gr.  per  ton  in  bullion  ; 
the  original  value  of  these  slimes  was  8  dwt.  2  gr,  in  fine  gold, 
and  after  treatment  they  assayed  i  dwt,  19  gr.,  representing  an 
actual  extraction  of  77 '8  per  cent. 

In  1901  the  amount  of  ore  treated  on  the  mine,  or  shipped  and 
smelted,  was  90,423  tons,  which  yielded  108.767  oz,  of  bullion,  con- 
taining 94,671  oz.  of  fine  gold  ;  and  the  loss  in  residues  was 
2  dwt  14  gr.  per  ton,  the  amount  of  free  gold  in  the  ore  decreased, 
and  the  amount  of  gold  won  from  concentrates  and  tailings  in- 
creased to  about  40  per  cent  of  the  whole  quantity  returned. 

The  correspondent  of  the  Financial  Times,  early"  in  1901, 
remarked : — 

"  Battery  treatment  will  not,  of  course,  apply  to  telluride  ore  ; 
but  the  telluride  on  this  field  mostly  occurs  in  "  chutes,"  and  the 
majority  of  managers  are  of  opinion  that  it  can  be  easily  picked 
for  smelting. 

"  All  the  sulphide  ore  taken  from  the  "  middle  lode "  (of  the 

Ivanhoe)  at  the  soo-feet  level  has  been  put  through  the  stamps. 

The  only  telluride  vein  of  any  extent  is  at  the  Drysdale  end  of  the 

property,  and  the  management  say  that  this  can  be  sorted  out  with 

*  Financial  Tima,  letters  dited  Febniarj  9  and  March  9,  1901. 
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ease  ; "  this,  as  will  readily  be  seen,  is  the  key-note  of  the  Ivanhoe 
process. 

The  total  extraction  in  igoi  from  all  sources  came  to  8898  per 
cent,  as  shown  in  detail  in  the  annexed  table ;  and  analyses  of  the 
cost  of  milling  and  cyanide  treatment  are  given  in  the  supple- 
mentary tables  at  the  end  of  this  chapter. 

IVANHOK   (l<^I). 


.  -  — 

0., 

S'sr 

Fine  gold  won  in  mill      . 

47,111 

io-4aJ3 

«■!« 

from  conceMialf  s       . 

6,S52 

1-5155 

6-44 

„     sands 

15.438 

3-4146 

I4S1 

„     slimes 

19,071 

41181 

1793 

„     Mlurideore       . 

,  i       6,189 

1-3688 

S-8! 

1      94.671 

20-9393 

88-9S 

Lobs  io  residues      .... 

2-5946 
23-5339 

™oo 

During  the  six  months  ending  June  30,  1902,  41  "23  per  cent, 
of  the  fine  gold  in  the  ore  was  recovered  in  the  battery;  8-95 
per  cent,  from  concentrates;  i6'67' per  cent,  from  sands;  15-30 
•per  cent,  from  slimes,  and  3*47  per  cent,  from  telluride  ore ;  the 
gold  recovered  amounted  to  56,133  oz.  from  65,202  tons  crushed. 

In  their  Report  dated  July  19,  1902,  Messrs.  Bewick  and 
Moreing  (the  Company's  consulting  engineers)  pointed  out  that : 
"  If  the  system  at  present  in  use  of  grinding  '  coarse  '  sands  were 
merely  extended  somewhat,  so  as  to  embrace  a  larger  proportion 
of  the  sands,  the  effect  would  be  to  make  a  larger  percentage  of 
'  slimes,'  and  consequently  to  somewhat  enhance  the  working  costs, 
but  also  to  obtain  a  better  extraction  from  that  portion  of  the  fine 
sand  treated  as  '  sands,'  as  well  as  from  that  portion  which,  ground 
to  slime,  would  go  through  the  slimes  treatment.  Probably  a  point 
would  be  reached  at  which  the  increase  in  the  percentage  of  slimes 
would  so  raise  the  cost  as  to  counterbalance  the  extra  extraction 
obtainable ;  but  when  this  would  be  reached  it  is  impossible  to 
foretell  or  to  determine  otherwise  than  by  actual  work," 

They  expressed  confidence,  however,  that  an  economic  improve- 
ment in  the  treatment  of  the  "  free-milling  "  ore  would  unquestion- 
ably be  brought  about,  and  add  that:  "Treatment  on  the  lines 
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su^ested  could  also  be  modified  or  extended  so  as  to  deal  with  a 
larger  proportion  of  the  refractory  material  than  naturally  exists 
in  the  'free-milling'  ore,*  possibly  up  to  the  ratio  naturally 
existing  in  the  mine." 

They  therefore  suggested  "  replacing  the  grinding-pans  at  pre- 
sent grinding  coarse  sands  by  say  three  30-tons  (a  day)  flint-mills. 
These  will  grind  a  large  proportion  of  the  sands,  coarse  and  medium 
coarse,  to  a  flne  sand  and  slime.  It  is  estimated  that  provision 
will  have  to  be  made  for  the  treatment  of  say  60  tons  of  slime 
per  day  more  than  are  at  present  being  dealt  with." 

In  the  event  of  the  ore  becoming  more  refractory  in  depth  in 
the  mine,  so  as  to  necessitate  bromo-cyanide  treatment,  or  on  the 
other  hand,  in  the  event  of  the  success  of  the  "  oil "  process  being 
established,  these  additions  to  plant  would  be  of  a  nature,  and 
would  be  so  arranged,  as  to  work  in  with  either  bromo-cyanide  or 
"  oil "  treatment. 

The  Golden  Horse-shoe  Smelting  Works. 

A  small  plant  for  the  treatment  of  high  grade  sulphide  ore  (for 
the  accompanying  views  of  which  I  am  indebted  to  the  courtesy 
of  the  company)  was  erected  at  the  Golden  Horse-shoe  in  1900, 
consisting  of  an  Edwards  roasting  furnace,  fired  with  producer-gas, 
a  water-jacket  furnace,  Fig.  65  (built  by  Martin  and  Co.,  of  Gawler), 
and  two  American-type  cupellation  furnaces,  Fig.  66,  supplied 
with  air  by  a  Roots  blower.  A  Miller's  chlorination  plant  was  also 
installed  for  refining  and  parting  the  resulting  bullion. 

The  capacity  of  the  water-jacket  furnace  is  given  by  Mr.  Robert 
Allen  as  30  tons  of  ore  and  flux,  per  diem,  8  to  10  tons  of  ore 
being  dealt  with. 

The  fluxes  consist  of  ironstone  obtained  locally,  limestone  pro- 
cured from  Southern  Cross,  and  silver-lead  ore  imported  from 
Broken  Hill,  New  South  Wales. 

The  reduced  lead  collects  the  gold  and  silver,  scrap  iron  being 
used  as  a  desulphurising  agent. 

The  fuel  used  consists  of  90  per  cent,  of  coke  and  10  per  cent, 
of  Collie  coal. 

The  base-bullion  thus  produced  is  afterwards  dealt  with  in  the 

•  It  would  appear  Ibat  for  some  time  past  "aa  undue  propoition  of  '  free-miUing ' 
M  (gainst  tellaride  ore  had  been  mined,"  wliicb  called  for  some  modification  of  the  put 
system  of  tiextment. 

2   D   2 
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cupellation  furnaces,  Fig.  66,  the  litharge  resulting  being  returned 
to  the  water-jacket.  About  250  tons  of  high-grade  ore  were 
usually  treated  monthly  on  the  mine  with  this  plant. 


Fw.  65.— Water  Jacket  Furnack,  Goldkn  Horse-shoe  Works. 

The  ordinary  grade  sulphide-ore  is  broken  in  a  Blake-Marsden 
stone-breaker  to  3-inch  cubes,  and  shipped  to  Fremantle  to  be 
smelted  with  the  concentrates  ;  some  1800  to  2500  tons,  containing 
4700  to  Cooo  oz.  of  gold,  being  thus  shipped  away  monthly. 

The  Golden  Horse-shoe  Sulphide  Works. 

So  far  as  I  am  aware,  no  detailed  description  of  these  works 
has  yet  been  published  (since  they  have  been  erected),  but  I  gather 
from  particulars  given  in  the  company's  last  Annual  Report  that 
the  line  of  treatment  adopted  differs  somewhat  from  that  of  any 
of  the  other  plants  on  this  field ;  and  writing  under  date  of 
March  22,  1902,  the  correspondent  of  the  Financial  Times  described 
the  process  as  follows: — 

"The  new  plant,  which  will  probably  start  work  at  the  end  of 
this  month,  is  designed  for  the  complete  reduction  and  treatment 
of  at  least  200  tons  of  sulphide  ore  per  day,  on  the  principle  of 
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preliminary  breaking  to  an  inch  gauge,  crushing  in  a  stamp  battery 
through  fine  screens,  classification,  concentration  on  Wilfley  tables, 
reducing  the  sands  to  slimes  in  grit-mills,  re-classification,  with- 
drawing the  water,  collecting  the  slimes  in  agitating-vats,  and 
agitating  with  cyanide  of  potassium,  extraction  of  the  gold  by  filter- 
pressing,  and  precipitation  of  the  gold  by  means  of  zinc  shavings. 

"The  battery  is  a  5o-hcad  Fraser-Chalmers,  with  i2S0-lb," 
stamps.  The  whole  of  the  pulp  coming  from  the  battery  will  be 
laundered  to  a  tailings-wheel  and  elevated  into  a  system  of  fine 
classifiers.  Each  of  these  classifiers  is  divided  into  four  compart- 
ments, forming  inverted  pyramids  of  successively  increasing  sizes. 
Each  compartment  is  fitted  with  a  Hange,  plug  and  spigot  at  the 
bottom,  by  which  the  graded  product  from  the  various  compart- 
ments will  be  withdrawn. 

"  The  openings  in  the  spigots  will  be  increased  or  decreased  as 


F10.    66.— CUPELI.ATION    FURNACKS,    GOLUEN    HORSE-SIIOB    WoRKS. 

desired,  so  that  the  whole  of  the  sands  will  be  removed  from  the 
pulp  in  four  different  grades,  and  the  overflow  being  slimes,  will  be 
conveyed  to  the  near  side  of  the  tailings-wheel. 

*  1375  lb.  is  the  exact  weight,  according  to  Ihe  company's  Report,  1901. 
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"  The  sands  from  Nos.  l,  2  and  3  spigots  of  the  classifiers  will 
be  conveyed  in  separate  launders  to  the  Wilfley  concentrators, 

"  Three  of  the  concentrators  will  be  set  apart  for  the  treatment 
of  each  of  the  grades  from  Nos.  i  and  2  spigots,  and  four  tables 
for  the  product  of  No.  4  spigot 

"  The  concentrates  will  eventually  be  shipped  to  the  smelters 
for  further  treatment, 

"  The  tailings  from  the  concentrators  will  be  run  in  a  launder  to 
the  tailings-wheel,  and  joining  the  slimes  from  the  classifiers,  the 
joint  product  will  be  elevated  into  three  spitziiitten  with  an 
ascending  current  of  water. 

"These  will  trap  all  the  sands  and  coarse  particles,  and  the 
sands  will  then  be  conveyed  to  four  grit-mills,  where  the  greater 
portion  will  be  reduced  to  slimes. 

"  After  passing  through  the  grit-mills  the  pulp  will  be  returned 
to  the  launder  and  conveyed  to  the  further  side  of  the  tailings- 
wheel,  where  it  will  join  the  pulp  from  the  battery,  and  again 
undergo  the  process  of  classification  and  concentration. 

"  The  overflow  from  the  '  sand-traps,'  being  purely  slimes,  will 
be  run  over  three  separate  .slime-settlers  "  The  slimes  from  the 
settlers  will  be  conveyed  to  six  agitation-vats,  where  the  pulp  will 
be  mixed  with  cyanide  solution,  agitated,  and  the  gold  dissolved. 

There  are  six  filter-presses,*  each  of  5  tons  capacity,  for  filter- 
pressing  the  slimes,  and  the  solution  from  the  presses  wilt  be  run 
into  four  zinc-boxes  and  precipitated  in  the  usual  way. 

The  residues  will  be  dumped  by  belt-conveyors  on  the  tailings 
area  at  a  height  of  30  feet. 

It  is  not  stated  whether  bromo-cyanidc  is  to  be  used  in  con- 
junction with  ordinary  cyanide  or  not,  for  the  extraction  of  the 
gold,  but  the  general  principle  followed  appears  to  be  to  first 
remove  the  richer  pyritic  part  of  the  ore  by  concentration,  and 
slime  the  rest,  as  is  done  in  other  mills. 

The  total  monthly  output  of  the  Golden  Horse-shoe  works 
was  given  in  1901  by  Mr.  Allen  at  between  15,000  and  15,500  oz. 
of  gold. 

In  July  1902,  with  the  old  battery  running  28  days  and  the 
new  battery  25  days,  10,715  tons  were  crushed  which  (togetlier 
with  107  tons  smelted  at  the  mine)  returned  i6,l  16  oz. 

The  costs  of  treatment  in  the  old  mill,  in  1901,  are  given  in  the 
supplementary  tables  a[  the  end  of  this  chapter. 

*  Pumps  are  used  to  fill  the  prisses  in  plare  of  montejus  at  theie  works. 
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General  Observations  ttpoti  the  Systems  of  Trealnient  described. 

In  the  early  part  of  1898,  the  Author  drew  attention"  to  the 
probability  of  being  able  to  deal  successfully  with  these  sulpho- 
telluride  ores  by  concentration,  employing  wet  classification t  for  the 
preparatory  treatment  of  the  battery  pulp,  and  recent  practice  at 
Kalgoorlie  certainly  seems  to  be  tending  more  and  more  in  this 
direction.  Concentration,  in  fact,  now  plays  an  important  part  in 
several  processes  now  in  operation  on  the  field,  and  the  results  of 
the  Elmore  process  of  recovery  by  means  of  oil,  that  is  about  to 
be  given  a  trial,  with  a  view  to  the  closer  saving  of  flaky  tellurides 
which  are  liable  to  escape  table-concentrators,  will  be  watched 
with  very  great  interest ;  as  if  it  meets  with  the  success  anticipated 
it  may  lead  to  important  modifications  being  made  in  the  present 
systems  of  reduction,  and  result  in  a  considerable  diminution  in 
costs  :  if  one  estimates  the  average  cost  of  sulpho-telluride  treat- 
ment in  the  early  part  of  1901  at,  say,  about  26s.  per  ton.  Costs 
have  already  come  down  considerably,  and  will  probably  be 
lowered  still  further  in  the  near  future,  as  they  have  shown  a 
gradual  tendency  to  do  so  ;  the  various  works  that  have  been  de- 
scribed having  been  improved  and  modified,  so  as  to  deal  with  these 
peculiar  ores  to  better  advantage,  and  handle  them  on  a  larger  scale. 

To  gauge  the  relative  practical  value  of  different  processes, 
however,  not  only  must  the  cost  of  treatment  (properly  split  up 
into  its  primary  component  units)  and  the  percentage  of  extraction 
be  known,  but,  in  addition,  it  is  most  important  to  ascertain  and 
compare  the  original  value  of  the  ore  treated,  the  value  of  the 
tailings  after  treatment,  the  actual  recovery  value  in  ounces  of 
bullion,  and  the  fineness  of  the  gold  recovered,  taking  into  account 
the  concentrates,  or  other  subsidiary  products  produced  ;  the  rela- 
tive quantity  of  each  by-product  thus  recovered  ;  the  cost  its 
individual  treatment  entails ;  and  the  proportion  of  gold  it  returns, 
as  compared  with  the  gross  amount  recovered. 

The  mere  percentage  of  extraction  is  often  otherwise  misleading, 
taken  by  itself,  as  gold  is  at  times  extracted  from  an  ore,  it  is  true, 
but  remains  locked  up  in  solution  or  in  other  ways,  and  is  never 
actually  recovered,  from  a  commercial  point  of  view. 

•  Report  upon  the  North  Boulder  Cold  Mine,  April  1898. 

t  Mr.  Alfred  Junes  observes  that  it  is  reci^nised  as  fruitless  to  expect  ttie  same  table 
to  dc«.l  with  coarse  and  Rne  together,  and  the  newest  plants  provide  for  the  separation  of 
■lies  as  well  as  of  equal  falling  paitides.  — Cyanide  Piaeiice,  3id  ed.  (3p)  I9- 
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The  three  leading  processes  which  are  at  present  employed  at 
Kalgoorlie  do  not,  however,  exhaust  the  field  which  is  being 
traversed  in  various  directions  to  discover  the  best  means  of 
dealing  with  refractory  ores  in  general,  and  sulpho-tellurides  in 
particular.  For  wet-crushing  a  duty  of  5  tons  per  diem  has  been 
reached  with  stamps,  with  an  expenditure  of  about  3  horse-power 
per  stamp ;  whilst  in  dry-crushing  two  ball-mills  have  shown  them- 
selves capable  of  handling  75  tons  or  more  per  diem  with  an 
expenditure  of  32  horse-power.* 

The  Oil  Concetttration  Process, 

The  oil  concentration  process,  which  was  invented  by  Messrs. 
Elmore,  being  a  new  method  of  treatment,  that  appears  to  be 
applicable  to  various  moderately  mineralised  ores  (apart  from  its 
recent  introduction  at  Kalgoorlie),  a  brief  description  of  the 
principal  features  of  the  process  cannot  fail  to  be  of  interest.  It 
was  very  fully  described  by  Mr,  Chas.  M.  Rolkerf  in  a  "paper" 
read  before  the  Institution  of  Mining  and  Metallurgy,  April  igoo, 
in  which  he  described  the  working  and  results  of  the  process  at 
Glasdir,  Wales. 

As  certain  modifications  have,  however,  since  been  introduced 
into  it,  as  will  be  seen,  to  adapt  it  to  the  treatment  of  telluride 
ores,  I  recently  applied  to  my  friend  Mr.  H,  L.  Sulman,  for  infor- 
mation on  the  subject,  and  he  has  not  only  been  good  enough  to 
favour  me  with  a  general  outline  of  the  method  pursued,  but  with 
the  kind  permission  of  the  Australian  Ore  Concentration  Syndi- 
cate, Ltd.,  he  has  given  me  particulars  of  the  results  of  the  trials 
made  upon  Kalgoorlie  telluride  ores. 

Coming  from  the  pen  of  a  "specialist,"  who  has  personally 
studied  the  process,  the  following  description,  under  date  of 
August  25,  1902,  possesses  particular  value,  supplementing  what 
the  Author  has  already  himself  said  in  regard  to  the  possibilities 
of  the  process. 

"The  successful  results  of  lai^e  scale  trials  upwi  Kalgoorlie 
sulphide  ores  have  attracted  considerable  attention  of  late  from 

•  '  Melilluryical  Progiets  in  Western  Auslrnlia,'  by  Alfred  Junes,  Eng.  and  Min, 
yournal,  Jinuary  3,  1903. 

t  'Notes  on  the  Elmore  Concenttation  Process,'  bj  C.  M.  Rolker,  M.  Insl.  M.M., 
Tram.  Imt.  »J  Mitiing  and  iMetalturgy,  toI.  TJii. 
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Westralian  mining  companies,  and  it  is  thought  that  this  process 
wiirrender  possible  the  economical  reduction  of  the  large  reserves 
of  low-grade  sulpho-telluride  ores  which  are  said  to  exist  in  the 
stopes  of  the  several  better  developed  mines. 

"  The  process  depends  upon  the  fact  that  metallic  sulphides  and 
certain  other  minerals  will  attach  themselves  to  oil  in  preference 
to  water,  but  that  oxides,  silica  and  gangue-stuff  generally  are 
preferentially  wetted  by  water,  and  so  will  not  be  taken  up  by  the 
oil.  Free  metals  and  several  non-metals,  such  as  carbon  in  its 
various  forms,  sulphur,  etc. ;  the  insoluble  metallic  chlorides,  tellu- 
rides,  etc.,  behave  in  the  same  manner  as  the  sulphides ;  but  car- 
bonates and  silicates  and  oxidised  products  generally  are  rejected 
with  the  gangue.  So  marked  is  this  selective  action  with  certain 
oils,  that  it  is  only  necessary  to  expose  a  battery  pulp  to  sufficient 
contact  with  such  an  oil  in  suitable  apparatus  to  effect  an  almost 
perfect  recovery  of  the  various  non-oxidised  minerals  liberated 
from  the  gangue  by  crushing,  as  an  '  oil  concentrate.' 

"The  oil  is  employed  in  quantity  sufficient  to  buoy  up  the 
entrapped  heavy  mineral  particles,  so  that  the  concentrate-bearing 
oil-layer  is  separable  by  flotation  from  the  treated  pulps.  The 
concentrates  are  recovered  from  the  oil  by  passage  through  a 
specially  designed  centrifugal  machine,  whilst  the  valueless  pulps 
are  automaticall>-  rejected.  When  the  separated  oil  is  rapidly 
rotated  in  the  centrifugal  'basket,'  its  contained  mineral  is  piled 
up  (through  a  layer  of  water)  against  the  sides,  the  mineral-freed 
oil  escaping  over  the  return  lip  of  the  same,  ready  for  re-use  upon 
further  pulp  supplies.  The  process  thus  permits  of  continuous 
operation,  the  plant  being  practically  automatic  in  action,  of  simple 
construction  and  having  but  few  wearing  parts ;  whilst  the  per- 
centage of  recovery  is  very  high, 

"  Other  inventors,  notably  Messrs.  Robson  and  Crowder,  had 
previously  suggested  the  iise  of  oil  for  the  purpose  of  mineral  con- 
centration, but  it  was  reserved  for  Messrs.  Elmore  to  discover  and 
work  out  the  essential  conditions  for  its  application,  especially  as 
r^jards  the  necessity  for  employing  thick  mineral  oils,  such  as  the 
tarry  residues  from  petroleum  distillation,  etc.,  after  some  of  the 
volatile  constituents  have  been  distilled  off.  These  inventors  were 
also  the  first  to  devise  a  practical  oil  concentration  plant,  and  to 
reduce  vaguely  known  facts  to  a  compact  commercial  process. 
"  The  method  was  originally  applied  by  Messrs.  Elmore  to  the 
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treatment  of  low-grade  copper  ores,  where  the  float  losses  insepar- 
able from  water  concentration,  in  even  the  most  modern  of  vanning 
plants,  were  found  to  be  prohibitive.  At  Glasdir,  in  North  Wales, 
with  a  2  per  cent,  copper  ore  (values  being  carried  mainly  in 
chalcopyrite  and  tetrahydritc),  the  most  efficient  wet  concentration 
methods  were  found  incapable  of  saving  more  than  15  per  cent,  of 
the  copper,  whereas  on  instituting  oil-concentration  it  is  claimed 
that  from  80  to  85  per  cent,  of  the  copper  was  recovered. 

"  From  this  it  was  evident  that  the  oil  process  had  a  wide  scope 
of  usefulness  in  application  to  the  concentration  of  all  non-oxidised 
minerals  subject  to  heavy  float  losses  during  water  dressing.  Blende 
at  present  forms  the  only,  though  partial,  exception. 

"The  Westralian  sulpho-telluridc  ores  are,  of  course,  peculiarly 
incapable  of  wet  concentration,  owing  to  the  great  friability  of  the 
rich  telluride  minerals  they  contain,  and  to  the  no  less  marked 
tendency  of  these  to  '  float ' ;  also  to  the  extremely  fine  division 
of  the  values  and  their  intimate  dissemination  through  the  ore. 

"The  fact  that  a  direct  solution  process,  such  as  the  'Diehl,' 
should  require  the  ore  to  be  opened  up  by  crushing  to  a  minimum 
mesh  of  200  to  the  linear  inch — in  other  words,  that  in  order  to 
'  expose '  the  values  to  a  .solvent  it  is  necessary  to  grind  the  ore 
to  absolute  '  slimes,'  will  demonstrate  the  futility  of  any  water 
concentration  method  for  the  close  saving  of  such.  But  oil  has  no 
difficulty  in  collecting  even  the  most  finely  divided  mineral  par- 
ticles, provided  these  be  clean  and  free  from  oxidation.  For 
example,  oil  will  readily  recover  the  highly  divided  particles  of 
metallic  gold  such  as  result  from  the  precipitation  of  chlorination 
liquors,  and  have  resisted  subsidence  and  even  filtration. 

"  Oil-concentration  as  applied  to  grit-mill  pulps  on  the  Hannan's 
field  has  been  necessarily  modified  from  the  process  originally 
designed  for  treating  low-grade  copper  ores,  i,e.  where  the  mineral 
is  sufficiently  coarse  to  be  liberated  by  crushing  to  a  low  mesh, 

"In  the  latter  case  ample  contact  between  ore-pulp  and  oil  is 
secured  by  continuously  passing  the  mixture  through  a  series  of 
two  or  more  cylindrical  drums.  These  are  about  9  feet  long  and 
3  feet  in  diameter ;  they  revolve  on  friction  rollers  in  a  horizontal 
position,  and  are  fitted  internally  with  a  helical  fin  some  inches  in 
depth.  The  rush  of  oil  and  pulp  between  the  walls  of  the  screw- 
shaped  launder  thus  formed  on  rotating  the  cylinder  is  broken  by 
the  interposition  of  a  certain  number  of  baffle-plates,  which  stretch 


,v  Google 


in    Wesiern  Australia.  411 

from  rib  to  rib  of  the  helix  at  uniform  intervals.  By  this  means 
sufficient  agitation  is  assured  to  bring  all  mineral  into  contact  with 
the  free  oil,  whilst  the  baffles  also  serve  to  keep  the  heavier  por- 
tions of  the  ore  constantly  dropping  through  the  oily  mass  which 
continuously  travels  forward  through  the  lower  segment  of  the 
cylinder.  The  whole  of  the  interior  metal  of  the  cylinder,  the 
helix,  baffles,  etc.,  are  normally  covered  with  a  layer  of  oil,  which 
thus  provides  further  catchment  surface.  The  mineral-laden  oil  is 
separated  by  flotation  from  the  partially  treated  pulp  in  a  spitz- 
kast  (trap)  tank  placed  at  the  further  end  of  the  cylinder  ;  the  oil 
and  mineral  here  obtained  being  run  off  to  the  continuously  acting 
centrifugal  plant,  whilst  the  pulp  flow  is  again  mixed  with  a  fresh 
supply  of  oil  and  sent  through  a  second  and  even  a  third  cylinder. 
Here,  upon  further  contact  with  oil,  the  pulp  is  still  again  depleted 
of  mineral  values,  and  any  '  overloaded '  oil-globules  which  may 
have  escaped  separation  in  the  first  spitz-kast  are  retained  and 
buoyed  up  by  the  second  or  third  oil  addition. 

"  At  the  end  of  the  second  cylinder  the  oil  and  concentrates  are 
again  separated,  the  pulp  then  usually  traversing  a  third  cylinder 
with  fresh  oil  as  before.  After  separation  of  this  final  oil  addition 
the  pulp  is  sufficiently  depleted  of  mineral  values  as  to  be  run  to 
waste.  Leaching  and  slime  treatment  methods  are  thus  entirely 
eliminated,  and  all  that  remains  is  to  '  bag '  the  sharp  concentrates 
obtained  from  the  centrifugal  plant  for  smelting  or  other  final 
recovery. 

"  The  oil  employed  must  possess  physical  characters,  e.g.  vis- 
cosity, agglomerative  power,  specific  gravity,  etc,  which  require 
careful  choice  in  relation  to  the  requirements  of  particular  ores. 
That  most  usually  used  consists  of  certain  of  the  heavier  frac- 
tions and  residuums  resulting  from  the  distillation  of  American 
petroleum. 

"  The  loss  of  oil  in  the  operation  is  small ;  a  minute  proportion 
is  carried  away  by  the  rejected  ore-pulps,  while  the  well  'spun' 
concentrates  also  retain  from  i  to  2  per  cent,  of  their  own  weight 
of  oil.  The  total  loss  may  vary  from  J  to  \\  gallon  per  ton  of  ore 
crushed,  an  amount  which  costs  approximately  the  same  as  the 
cyanide  consumption  upon  a  suitable  'cyaniding'  ore,  say6a^.  to  is. 
per  ton,  according  to  the  price  of  oil  at  the  place  where  used. 

"  The  oil  process  as  applied  to  Kalgoorlie  ores  is  considerably 
modified  from  the  foregoing.     The  problem  here  is  to  catch  all  the 
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values,  and  to  leave  behind  a  valueless  pulp  which  shall  require  no 
further  extraction,  and  thus  to  avoid  all  subsequent  aoivent  treat- 
ment, filter-pressing,  etc.  It  is  therefore  obvious  that  the  ore  must 
be  so  completely  opened  up  by  crushing  as  to  liberate  these 
values,  i.e.  it  must  be  crushed  down  to  the  payable  limit.  This 
as  before  said,  means  reduction  to  slimes,  or  to  the  220-mesh 
(linear  inch)  standard  adopted  by  other  processes  on  the  field 
which  depend  upon  similar  mechanical  exposure  of  the  finely 
dbseminated  mineral. 

"  But  in  a  pulp  where  the  whole  of  the  values  have  been  re- 
duced to  absolute  '  float '  or  slimes,  mere  rolling  contact  or  gentle  - 
agitation  with  an  oil  is  not  sufficient  for  complete  recovery.  It  is 
necessary  to  ensure  more  intimate  admixture  of  oil  and  pulp,  and 
to  this  end  the  flow  of  —  220  material  from  the  grit-mill  is  passed 
through  one  or  more  centrifugal  pumps,  the  necessary  addition  of 
oil  being  made  immediately  prior  to  this.  The  violent  agitation 
thus  effected  breaks  the  oil  into  minute  globules  which  are  so 
thoroughly  dispersed  through  the  whole  pulp  that  practically 
complete  contact  between  oil  and  the  finest  divided  mineral  is 
assured.  The  mixture  is  then  passed  through  cylinders  so 
modified  in  construction  as  to  act  mainly  as  an  oil  coalescing  (or 
agglomerating)  plant,  wherein  the  oil-entrapped  values  are  sepa- 
rated from  the  exhausted  ore  pulps. 

"  Notwithstanding  the  minute  subdivision  of  the  oil  employed 
by  agitation,  its  subsequent  collection  may  be  as  complete  as  in  the 
former  case,  and  losses  are  negligible. 

"  Unlike  cyantde,  the  oil  process  is  not  dependent  upon  water 
free  from  dissolved  mineral  impurities  ;  where  oil  is  employed  for 
extraction,  mine  waters  can  be  freely  used  for  ore  crushing,  indeed 
a  faintly  acid  reaction  of  the  milling  water  is  even  advantageous. 
The  highly  saline  waters  of  Western  Australia  form  admirable 
crushing  media  for  oil-concentration,  their  high  gravity  aiding 
considerably  in  the  flotation  of  the  mineral-laden  oil. 

"  Extensive  tests  have  been  made  in  London,  by  the  Australian 
Ore  Concentration  Syndicate,  upon  ore  parcels  of  from  2  to  1 5  tons 
from  several  Kalgoorlie  mines.  The  Lake  View  Consols  trials, 
which  have  resulted  in  the  ordering  of  a  50  ton  per  day  oil-concen- 
tration plant,  showed  that  by  crushing  to  only  100  mesh  sulphide 
ore  of  loj  dwt.  original  value,  oil-concentrates  containing  over  82  per 
cent,  of  the  gold  were  yielded,  whilst  the  tailings  averaged  I J  dwt />«y 
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ton  of  original  ore.  These  residual  (tailings)  values  were  also  found 
to  be  quite  intractable  to  solvent,  but  on  re-grinding  to  200  mesh, 
in  both  this  and  other  cases,  a  further  reduction  of  values  both  by 
solvent  and  by  oil  was  found  possible.  It  is  therefore  evident  that 
material  coarser  than  200  mesh  contains  '  enclosed '  values  in- 
accessible to  oil  or  solvent,  and  that  close  recoveries  and  low 
tailings  values  are  primarily  dependent  upon  the  grade  of  crushing 
employed.  The  payable  limit  of  such  crushing  has  been  discussed 
elsewhere ;  all  it  is  here  necessary  to  point  out  is  that  whatever 
metal  or  sulphide  or  sulpho-telluride  mineral  is  liberated  by  crushing 
is  completely  recovered  by  oil,  no  float  loss  of  even  the  most 
intractable  sulphides  or  tellurides  being  possible. 

"  Upon  freshly  crushed  sulpho-telluride  ores  ranging  from  8  to 
30  dwt,  originally,  -220  mesh  pulps  yield  tailings  assaying  i  dwt. 
per  ton  or  even  less.  With  very  rich  ores  the  tailings  values  may 
be  higher,  the  lowest  limit  attained  in  the  case  of  a  5^  oz.  tellu- 
ride  parcel  being  6  dwt  which,  however,  corresponded  to  an  extrac- 
tion of  94'  3  per  cent,  of  gold. 

"  In  connection  with  this  trial  it  is  to  be  noted  that  the  oil- 
concentration  process  fails  to  completely  recover  ^/-AW/j- C47'rfwe(/ 
mineral  values.  It  has  already  been  noted  that  oxides  are  not 
caught  by  oil,  and  where  samples  of  sulpho-telluride  ores  have  been 
long  exposed  to  the  air,  the  weathering  of  the  pyrites  and  of  the 
various  telluride  minerals  has  been  found  to  give  rise  to  incomplete 
recoveries  ;  doubtless  owing  to  the  films  of  oxide  with  which  the 
minerals  on  the  surface  of  the  ore  lumps  become  coated.  In  the 
case  of  the  rich  sample  above  referred  to,  ordinary  cyanide  was 
able  in  30  hours  to  reduce  the  6  dwt  tailings  to  i^  dwt.,  from 
which  it  may  fairly  be  inferred  that  oxidation  had  taken  place  to 
a  considerable  extent,  unoxidised  tellurides  being  intractable  to 
plain  cyanide.  With  the  installation  of  an  oil  plant  upon  the 
Hannan's  field  the  difficulty  introduced  by  the  partial  oxidation 
of  exported  samples  will  disappear,  aud  no  doubt  is  entertained 
that  freshly  crushed  sulpho-tellurides,  however  rich,  will  yield 
extractions  limited  in  completeness  only  by  the  crushing  grade 
adopted. 

"  Oil- concent  rat  ion  has,  of  course,  in  common  with  other  con- 
centration methods  (which,  however,  are  inapplicable  in  this  case), 
the  advantage  of  effecting  recoveries  in  an  exceedingly  short  time. 
The  pulp  flow  being  continuous,  within  half  an  hour  of  crushing, 
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the  final  tailings  can  be  passed  to  the  slimes  dam  ;  or  if  an  addi- 
tional solid  basket  centrifugal  separator  be  employed  on  these,  the 
clear  water  can  be  returned  to  the  crushing  plant  within  an  hour 
or  so,  undiminished  by  evaporation  or  soakage  losses,  and  the 
nearly  dry  tailings  dumped. 

"On  the  basis  of  100  tons  of  ore  crushed  per  day  and  starting 
with  —220  (grit-mill)  pulps,  the  total  cost  of  obtaining  all  values 
as  oil-concentrates  (in  about  10  per  cent,  of  the  original  ore 
weight)  is  estimated  at  about  41.  per  ton,  inclusive  of  labour, 
power,  oil  loss  and  sundries ;  these  items  being  taken  at  Kalgurli 
prices. 

"  Smelting  recovery  of  the  concentrates  (which  according  to  the 
original  value  of  the  raw  ore  may  vary  from  3  to  10  oz.  per  ton)  is 
unnecessary.  The  cost  of  such  amounts  at  present  to  about  4/.  \^s. 
per  ton  of  concentrates,  with  payment  for  95  per  cent  of  the  gold. 
Trials  on  considerable  quantities  of  the  oil  concentrates  have  sho^vn 
that  mechanical  roasting  followed  by  plain  cyaniding  (supple- 
mented, if  necessary,  by  intermediate  pan  -  amalgamation)  will 
recover  from  97  to  98  per  cent,  of  the  gold.  The  costs  of  such 
treatment  arc,  of  course,  well  known.  The  superior  richness  of  the 
concentrates  appears  to  introduce  no  additional  difficulty  in  cal- 
cining ;  indeed,  the  1  or  2  per  cent,  of  oil  adherent  to  the  concen- 
trates is  of  considerable  advantage ;  it  prevents  dusting  during 
handling,  charging  and  in  the  earlier  stages  of  calcining  ;  on  car- 
bonising it  provides  a  more  or  less  reducing  atmosphere  during  the 
elimination  of  tellurium,  and  tends  to  prevent  the  formation  of  the 
objectionable  tellurous  films  over  reduced  gold  ;  it  also  aids  in 
keeping  the  charge  open,  thereby  promoting  the  final  oxidation. 

"  Allowing  10  per  cent,  of  concentrates  to  be  dealt  with  at  a 
cost  of  3SJ'.  per  ton,  this  means  a  concentrate-reduction  cost  of 
IS.  6d.  per  ton  upon  the  original  ore ;  adding  41,  per  ton  for  oil 
concentration,  -^s.  6d.  would  be  the  cost  for  complete  recovery  of 
values  by  the  oil  process,  exclusive,  of  course,  of  mining  and 
crushing  expenses. 

"  Roasting,  cyanide  and  filter-pressing  operations,  etc.  are  thus 
eliminated  as  regards  the  original  ore,  but  portions  of  such  plant 
will  be  still  of  value  in  dealing  with  the  concentrates  obtained,  in 
the  superseding  of  expensive  smelting  recoveries." 

The  author  has  been  recently  informed  that  certain  modifica- 
tions have  been  proposed  in  the  oil-process,  which  it  is  claimed  are 
improvements. 
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The  Gilmour-  Youtig  Process. 

My  friend  Mr.  Alfred  James  some  time  ago  drew  attention* 
to  a  process  which  would  seem  to  occupy  a  sort  of  intermediate 
position  between  the  Boulder  Main  Reef  and  Riecken  processes. 
It  had  been  successfully  applied  by  Messrs.  Gilmour  and  Young  to 
the  treatment  of  the  ore  of  the  Santa  Francisca  mine,  in  Nicaragua, 
by  which  it  appears  that  90  per  cent,  of  the  gold,  and  70  per  cent, 
of  the  silver  present  were  recovered  from  the  "  slimes."  The 
ore,  when  ground  to  30-mesh,  carries  a  very  large  percentage  of 
clay,  which  renders  teaching  a  matter  of  extreme  difficulty.  The 
slimes  assayed  I  oz.  lO  dwt.  gold  and  4  oz.  10  dwt.  silver.  The 
"  sands"  gave  lower  results,  but  they  are  now  separated  with  air- 
separators  and  treated  separately  by  percolation,  the  entire  extrac- 
tion of  the  gold  being  brought  up  by  re-treatment  of  the  sands  in 
this  way  to  over  90  per  cent,  and  bullion  800  fine  was  obtained.  The 
slimes  which  the  ore  carries  amount  to  about  70  per  cent,  of  the  ore, 
and  although  the  ore  could  be  treated  as  a  whole  with  the  aid  of  a 
vacuum  in  about  seven  days,  it  was  found  that  the  slimes  were  not 
satisfactorily  leached  and  washed  even  after  thirty  days'  percolation. 

The  method  subsequently  adopted,  to  which  I  have  referred, 
has  passed  the  experimental  stage,  some  thousands  of  tons  of  ore 
having  been  treated  by  it,  and  over  10,000  oz.  of  bullion  having 
been  produced  when  Mr.  James  described  it.  The  ore  is  crushed 
in  No.  5  Krupp  mills  through  a  30-mesh  sieve,  and  the  plant 
employed  consisted  of  5-feet  pans,  run  on  the  well-known  Boss 
system  (used  in  silver  mills),  in  which  the  gold  is  partly  dissolved 
by  cyanide  in  solution,  and  the  whole  of  it  (coarse  and  fine  alike) 
is  recovered  by  amalgamation,  using  a  mixed  zinc  and  copper 
amalgam,  and  caustic  soda  to  keep  the  mercury  in  good  condition. 

In  Nicaragua,  the  consumption  and  cost  of  chemicals  is  given 

by  Mr.  James  as  follows  : — 

c«.p=.™. 

lb.         s.    d.  s,     d. 

Cyanide    .         .                  1-67  at  I     3    per  lb.  .  ,  2  l-o; 

Caustic     .         .         .         0-63   „  o     I         „  .  .  o  0-65 

Copper  sulphate         .         I'i6   „  a     i{      „  .  .  o  z'03 

Cast-iron  turnings      .         0*35    „  o    o{      „  .  .  o  o' iz 


*  'Not«3ona  Procets  for  Treating  Slimes  without  Filtialion  or  Decanlalion,'  b> 
Alfred  Jamei,  Tram.  Inst,  of  Mining  att4  MeSallursy,  vol.  vii.  Fnrther  details  of  this 
interesting  process  are  given  by  Mr.  James  in  Cyanide  Praclice,  pp.  79-81. 
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These  costs  are  stated  to  have  been  for  rich  ore  yielding  about 
3  oz.  per  ton ;  and  with  slimes,  the  consumption  of  reagents  is  much 
less  ;  the  consumption  of  cyanide  being  reduced  to  \  lb.  per  ton. 

Labour  (in  Nicarap^ua)  cost  %d.  per  ton,  and  24  horse-power 
was  required  for  the  treatment  of  50  tons  per  diem,  but  Mr.  James 
thinks  this  latter  item  could  probably  be  reduced  by  using  "  barrels." 

It  appears  therefore  possible,  although  power  is  the  chief  item 
of  cost  in  this  process,  when  the  expense  of  grinding  has  to  be 
incurred  (notwithstanding  the  total  loss  of  the  cyanide  used),  it 
might  be  profitably  applied  in  a  modified  form  to  the  treatment  of 
roasted  telluride  ores,  with  a  saving  in  expense,  if  after  a  pre- 
liminary washing,  to  get  rid  of  the  soluble  salts,  it  sufficed  to 
extract  a  sufficient  percentage  of  the  gold  the  Kalgoorlic  ores  carry. 

To  apply  such  a  method,  the  ore  might  either  be  slimed  com- 
pletely, or  else  classified  into  the  sands  and  slimes  in  air-separators  * 
(after  roasting) ;  treating  each  class  separately.  Like  the  Riecken 
process,  if  it  proved  applicable  to  the  treatment  of  roasted,  or 
acted  upon  raw  telluride  ores,  it  might  do  away  with  the  trouble 
and  expense  of  filter-pressing  and  zinc-precipitation. 

An  efficient  metallurgical  process  (yielding  a  high  extraction) 
by  which  telluride  ores  can  be  treated  witlioul  the  necessity  for 
roasting,  would  certainly  seem,  however,  to  be  the  most  likely  direc- 
tion in  which  to  look  for  a  satisfactory  solution  of  the  Kalgoorlie 
"  sulphide  problem,"  from  the  point  of  view  of  cost.  This  ideal 
process  has  perhaps  yet  to  be  discovered,  or  at  any  rate  has  to 
prove  its  claims  to  universal  rect^nition,  although,  owing  to  the 
nature  of  the  ore  and  other  special  circumstances,  the  Ivanhoe 
method  of  treatment  has  up  to  the  present  given  most  satisfactory 
all-round  commercial  results,  whilst  the  Dichl  has  made  great 
advances  in  lowering  costs. 

Some  points  that  may  he  noticed  in  Practice  in  Cyaniding  and 
Roasting  Sulpho-  Telluride  Ores  in  Colorado  and  Western 
A  ustralia. 

It  is  well  to  bear  in  mind  that  the  tellurides  are  the  long- 
treatment  products,  as  well  as  by  far  the  most  valuable  compo- 
nents of  ores  of  this  class,  and  their  separation  and  elimination 

"  A  Dsw  apparaliu  (a  cone  sepaiator)  for  wet  classification  is  described  by  M,  D, 
Stackpole,  and  figured  io  the  EnginariHg  and  Mining  Jaumel,  July  la,  1903,  It 
lias  been  installnd  at  the  new  joo-ton  mill  at  Sunshine  in  Utab,  for  the  treatment  of 
talcose  ores,  containing  a  large  piopoilioo  of  tlimea,  and  it  is  claimed  to  possets  special 
advuitages  for  this  purpose ;  for  slimes  that  can  be  rapidly  leached. 
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from  the  other  metallic  constituents  of  the  ore  (so  far  as  it  is 
feasible  to  do  so)  presents  distinct  advantages;  with  a  view  to 
treat  them  apart  by  special  methods,  which  will  insure  the  closest 
possible  recovery. 

Mr.  Ph.  Argall,  in  cyaniding  tellurides  at  Cripple  Creek,  found 
that  with  normal  solutions,  carrying  about  1  oz.  of  gold  per  ton  in 
a  0'5  per  cent,  cyanide  solution,  not  more  than  0*33  lb.  of  zinc 
was  dissolved  for  each  ounce  precipitated. 

The  distinction  between  the  zinc  dissolved  and  the  total  zinc 
used  and  precipitated  should,  however,  be  carefully  noted. 

He  remarks,*  in  this  connection,  "  Our  general  practice  (at 
the  Metallic  Extraction  Company's  works)  shows  a  consumption 
of  0"92  lb,  of  zinc  for  each  ounce  of  fine  bullion  produced.  Of 
this  amount,  more  than  40  per  cent,  is  dissolved,  the  remaining  60 
per  cent,  being  removed  from  the  boxes  with  the  precipitate  at 
each  weekly  clean-up,  and,  owing  to  its  finer  state  of  division  and 
richness  in  gold,  we  find  it  preferable  to  destroy  the  zinc  and 
recover  the  gold." 

It  is  an  interesting  fact  commented  upon  by  Mr,  Argall  that 
the  alkalinity  of  the  solutions  rises  rapidly  with  the  precipitation 
of  the  gold  in  the  zinc-boxes,  and  falls  again  towards  the  end  of 
the  box,  usually  leaving  it  about  the  strength  it  entered. 

Average  solutions,  when  entering  the  boxes,  showed  about  O'  530 
per  cent.,  and  a  number  of  interesting  tests,  illustrated  by  "curve 
diagrams,"  are  given  by  Mr.  Ai^all ;  the  alkalinity  being  reported 
in  terms  of  sodium  hydrate,  using  phenol pthalein  as  an  indicator. 
On  the  other  hand,  in  some  experiments  carried  out  by  Mr.  Alfred 
James,  he  failed  to  find  any  increase  of  free  alkali  in  the  zinc-boxes. 

Mr,  Alfred  James  mentions  t  that  it  costs  3J.  \d.  for  cyanide  for 
every  ounce  of  gold  recovered  in  South  African  practice,  whilst  in 
Western  Australia  the  returns  from  the  Associated  Gold  Mine 
showed  the  cost  in  that  case  to  be  just  under  3J,  Mr.  Ph. 
Argall  stated  1  (in  1897)  that  the  sulphur  in  Cripple  Creek  ores 
averaged  about  2  per  cent.,  and  satisfactory  extractions  were 
obtained  by  roasting  down  to  o-i  per  cent,  sulphur.  It  requires, 
however,  a  very  high  terminal  heat  to  break  up  the  sulphates. 

Special  stress  requires  to  be  laid  upon  the  importance  of 
careful  roasting,  in    processes   like    the  Boulder  Main    Reef  and 

■  Mintral  Industry,  vol.  i\.  p.  378. 

t  Trans.  Inst,  of  Mining  and  Metallurgy,  vol,  vii.  p.  71. 

t  Mineral  Industry,  vol.  vi,  p.  371. 


,v  Google 


4i8  Gold  Mining  and   Milling 

Riecken,  as  the  results  so  far  achieved  at  Kalgoorlie  on  the  whole 
can  scarcely  be  said  to  be  entirely  satisfactory,  judged  by  practice 
elsewhere  ;  in  fact,  in  some  cases  the  roasting  has  been  admittedly 
bad,  and  in  most  if  not  in  all,  more  expensive  than  one  would 
anticipate. 

In  a  letter  to  the  Financial  Times,  dated  January  19,  1901,  a 
correspondent  says  that  a  number  of  mines  are  already  roasting  for 
SJ.  a  ton,  and  it  will  ultimately  be  done  for  4^.  a  ton,*  It  would 
appear,  however,  that  41.  61^.  to  "js.  a  ton  is  nearer  what  the  average 
has  been,  and  in  some  cases  it  cost  even  more.  This  may  be  partly 
explained  in  several  ways,  (i)  By  the  type  of  furnace  used,  or  by 
faulty  construction.  (2)  By  the  kind  and  quality  of  the  fuel  used. 
(3)  By  the  nature  of  the  ore,  its  previous  mechanical  preparation, 
and  insufficient  control  of  the  temperature.  (4)  By  inexperience  on 
the  part  of  the  furnace  men,  and  want  of  uniformity  in  the  sulphur 
contents  of  the  roas ting-charges. 

Tke  Type  of  Furnace  used. — It  is  hard  to  explain  the  high 
working  cost  and  comparative  small  output  of  some  of  the  furnaces 
that  have  been  tried,  except  on  the  supposition  that  there  have 
been  faults  in  their  construction,t  coupled  with  inexperience  in 
working  them.  Some  metallurgists  seem  to  think  that  the  Brown 
"horse-shoe"  would  give  better  results  than  the  "straight-line" 
type,  which  was  erected  at  the  South  Kalgurli,  Several  automatic 
reverberator/  calciners  have  also  been  employed,  such  as  the  RoppJ 
Holthoff-Wethey,§  and  Edwards  furnaces,  but  it  does  not  appear 
that  revolving  cylinder-roasters  (|  of  the  Bruckner  or  Argall  class, 
or  circular  revolving  horizontal  hearth  furnaces,  like  the  "  I'earce 
turret "  (which,  I  understand,  have  been  extensively  used  in  Colo- 
rado with  satisfactory  results)  have  as  yet  been  given  a  trial  at 
Kalgoorlie. 

*  The  Author  is  inrorined  ihaC  the  cost  of  roasting  with  the  Merton  furnace  at  the 
present  time  is  as  low  uS  jr.  a  ton. 

t  The  ficl  that  the  furnace  installed  by  Mr.  J.  M.  lies  nt  the  Soulli  Kalgurli  is 
reported  to  have  given  good  results,  would  lend  to  confirm  this  supposition. 

X  The  -Associated  furnaces  were  said  formerly  to  be  very  heavy  consumere  of  firewood  ; 

and  the  monthly  fuel  bill  at  one  time  for  wood  burnt  on  (he  mine  (including  the  supply 

for  boilers)  ivas  staled  to  have  amounted  lo  a  very  large  som,  running  only  two  furnEtces. 

§   A  trouble  seems  lo  have  been  eiperienced  with  this  furnace  at  tlie  Boulder  Per- 

Ihat  the  small  "  slot  doors  "  at  the  side  became  worn  and  torn  off  by 

rabble  carriages,  thus  admitting  a  large  volume  of  cold  air  and  seriously  affecting 

roast.      To  overcome    this  diflicuUy  the  carriages  of  the  rabble  arms  were  boxed 

n  No.  4  furnace,  and  it  wa»  reported  to  have  subsequenlly  done  excellent  work. 

\  The  chief  trouble  with  cylindrical  furnaces  is,  I  believe,  Ihe  amount  of  "  dust " 

I  are  liable  to  produce  compared  with  mechanically  nibbled  hearth- furnaces. 
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As  an  illustration  of  the  work  done  in  a  Pearce  turret-furnace. 
Dr.  Ed.  Peters,  juii.,*  states  that  Gilpin  County  concentrates  from 
a  stamp  mill,  containing  79-5  per  cent  of  pyrites,  representing 
42- 1  per  cent,  sulphur,  were  roasted  down  to  0*22  per  cent, 
sulphur  at  the  rate  of  9'8i3  tons  per  furnace  per  day,  and  in 
8^  days,  83  ■411  tons  were  calcined,  at  a  cost  of  %i  -045  per  ton. 
Dr.  Peters  mentions  thai  the  cost  of  a  "  turret  furnace  "  at  Arago, 
as  built  by  Mr.  Pearce,  was  $5460'70,  inclusive  of  royalties.  At 
Pueblo,  two  furnaces  cost  $12,296  to  erect.  The  fuel  consumed 
with  good,  pyritic  ores  is  said  to  be  some  16  to  18  per  cent,  of  the 
weight  of  the  ore  calcined.  With  a  less  pyritic  ore  to  roast 
"sweet,"  the  capacity  would  naturally  be  greater,  and  the  costs 
correspondingly  less,  and  one  of  its  advantages  for  roasting  rich 
gold  ores  seems  to  be  in  a  comparatively  small  production  of  flue- 
dust.  Argall's  multitubular  furnace  also  appears  an  excellent  one, 
and  is  largely  used  for  Cripple  Creek  ores,  bringing  the  sulphur 
contents  from  2  down  to  O'lo  per  cent,  and  putting  through 
about  48  tons  per  diem.  Each  chaise  requires  about  three  hours' 
exposure,  the  furnace  making  one  revolution  in  4-8  minutes. 
During  the  first  two  hours  the  ore  is  gradually  advanced  to  a  dull- 
red  heat,  and  for  the  last  hour  it  is  subjected  to  a  good  roasting 
heat,  terminating  at  a  bright-red  close  to  the  sintering  point  An 
interesting  description  of  this  furnace  t  is  given  in  the  Mineral 
Industry^  vol.  vi.  The  performance  of  the  i2oby  12  ft.  Jacklingfur- 
nacc,t  used  at  the  Mercur  mines  in  Utah,  is  likewise  highly  spoken 
of,  as  it  is  said  to  be  capable  of  roasting  70  tons  of  base  (arsenical) 
ore  containing  2  to  5  per  cent  sulphur,  and  0*95  to  2-5  per  cent 
arsenic,  down  to  o'l  to  0'I5  per  cent  per  24  hours,  with  a  con- 
sumption of  about  7  tons  of  coal.  The  Holthoff-Wethey  (too  by 
12  feet)  calciners  in  the  same  works  roast,  it  is  said,  145  tons  of 
mixed  ore  in  24  hours,  with  a  consumption  of  8  tons  of  coal. 

Edwards'  mechanical  furnace,  which  is  used  at  Customs  Works 
in  Victoria,  Australia,  has  been  already  referred  to,  p.  334,  and  is 

•  Modern  Copptr  SmtlUng,  7lh  etlilion,  p.  213. 

t  '  Cyaniding  Telluride  Ores,'  p.  372.  The  author  is  informed  that  40  lo  50  tom'of 
ore,  containing  2}  per  cent,  of  sulphur,  can  l>e  leiluced  to  O'  I  per  cent,  per  diem  ;  making 
one  revolution  in  eight  minotes,  the  capacity  of  the  Argall  furnace  is  rated  «  23  tons  per 
diem,  or  with  one  revolution  in  four  minutes,  46  Cons.  The  consumption  of  slack  coal  is 
reckoned  at  15010  160  lb.  per  ton  of  ore  roasted,  and  with  one  furnace  the  cost  of  roast- 
ing in  Colorado  is  reckoned  to  be  40  cents  per  ton  ;  with  three  fiirnucea  33'  7  cents.  The 
cost  of  erecting  a  furnace  is  said  to  come  to  about  400  dollars  in  Colorado. 

1  Mineral  Indnstry,  vol.  viii.  pp.  304  and  400, 

2   E   2 
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very  fully  described  and  illustrated  in  the  Engineering  and  Mviing 
Journal ;  •  it  seems  well  calculated  to  roast  the  ore  "  sweet." 
requiring  but  little  manual  labour.  It  is  stated  to  give  a  very 
uniform  product,  and  the  Tasmania  Gold  Mining  Company  at 
Beaconsfield,  Tasmania,  sweet  roast  200  tons  a  week  of  concentrates 
with  their  four  furnaces  ;  requiring  only  three  menaf  2/.  $s.!=6l.  }^s. 
a  week  to  look  after  them,  which  represents  a  cost  of  about  id. 
a  ton  for  labour.  The  amount  of  fuel  each  furnace  consumes  is 
reckoned  at,  say,  12  tons,  to  roast  50  tons  of  pyritic  gold  concen- 
trates, which  seems  to  be  about  the  weekly  capacity  of  the  furnace 
when  dealing  with  material  of  this  class.  The  sulphur  acts  as  fuel 
for  the  first  half  (more  often  for  two-thirds)  of  its  length,  when  the 
ore  is  no  longer  heat-sustaining,  but  is  thus  brought  gradually  under 
the  influence  of  the  fire  with  the  furnace  at  a  bright  red  heat,  where 
the  various  sulphates  are  gradually  oxidised.  A  special  advantage 
claimed  is  the  uniformity  of  the  roasted  product.  A  description  of 
the  Kalgoorlie  furnace  has  been  already  given. 

The  Godfrey  calciner,  f  a  circular  furnace  with  fixed  rabbles 
and  a  revolving  hearth,  would  seem  to  overcome  one  of  the  diffi- 
culties experienced  with  most  mechanical  furnaces,  viz.  injury  to 
the  rabbles  by  their  exposure  to  too  high  a  temperature  inside  the 
furnace.  Almost  all  mechanical  furnaces  have,  however,  a  certain 
disadvantage  to  contend  against  as  compared  with  hand-rabbled 
furnaces,  viz.  that  the  ore  particles  are  not  afforded  a  sufficient 
period  of  rest  for  the  sulphur  to  burn  off  properly  before  they  are 
shifted,  or  turned  over,  and  what  seems  needed  is  an  adjustable 
mechanical  movement  of  the  charge  on  the  hearth,  with  intervals  of 
repose  ;  whilst  insufficient  draught  (owing  to  the  flues  and  chimney 
not  being  properly  proportioned)  may  result  in  failure  to  maintain 
a  proper  heat  except  at  the  cost  of  extra  fuel.  Unduly  large  grates 
not  properly  designed  for  the  economical  combustion  of  the  fuel 
burned  in  them,  or  either  an  insuflicient  or  unnecessary  number  of 
fire-places,  may  also  in  some  instances  have  contributed  to  this 
result. 

The  Kind  and  Quality  of  Fuel  used. — Consideration  of  this 
matter  will,  no  doubt,  explain  in  some  measure  the  difficulties 
which  have  been  met  with,  and  the  high  cost  of  roasting,  of  which 

•  Engineering  and  Mimng  Jmiraal,  July  ai,  I900. 

t  'The  Latest  Type  of  Meihankal  Calciner,'  by  W.  Black  more.  Trans.  IniI.ef 
Mming  ami  Melalhirgy,  vol.  vii.  p.  323. 
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mention  has  been  made.  The  Tuel  used  on  the  field  is  nearly  all 
cord-wood,  and  consists  of  different  varieties  of  eucalypti  and  mulga, 
the  tatter  being  the  better  wood  of  the  two,  having  a  steam  effi- 
ciency, it  is  said,  about  equal  to  oak.  As  "the  bush"  has  been 
largely  denuded  of  trees  around  the  various  mining  centres,  wood- 
fuel  is,  however,  getting  scarce,'  and  there  are  very  few  cords  of 
wood  to  the  acre  in  most  parts  of  the  country.  Besides,  the  growth 
of  these  hard-wood  trees  is  slow,  notwithstanding  that  certain 
areas  of  from  looo  to  10,000  acres  are  proclaimed  as  State  "  forest 
reserves  "  (chiefly  in  the  S.W.  districts  of  the  colony),  which  are 
under  a  Conservator  of  Forests ;  and  as  there  are  no  regulations 
enforced  in  regard  to  cutting  or  replanting  trees  on  forest  reserves, 
except  that  the  timber-cutters  have  to  take  out  a  licence  (which  is 
simply  a  Government  tax),  it  is  only  by  railway  extension  that  the 
supply  can  be  kept  up  and  prices  kept  down.  Seeing,  therefore, 
that  some  800  tons  a  day  (say  6000  tons  a  week)  f  were  some  time 
back  being  consumed  at  Kalgoorlie  alone,  cord-wood  seems  bound 
eventually  to  become  even  more  expensive  than  it  is  now.  All  the 
wood  burnt  is  not,  moreover,  of  equally  good  quality  as  regards 
calorific  value,  and  it  is  not  unfrequently  "  piped "  and  badly 
stacked.  Mr.  H.  C.  Hoover  quoted  the  price  in  Western  Australia  } 
■  in  1897  as  $5  50  to  $7 'SO  per  cord  delivered;  and  the  Author 
believes  that  the  average  price  at  Kalgoorlie  in  1898  was  about 
2SJ.  to  JOT.  a  cord,  depending  on  length, — the  figure  that  Mr. 
G.  J.  Bancroft  put  it  §  at,  viz.  $5  to  $6.  He  adds,  that  according 
to  the  manager  of  the  Coolgardie  Electric  Light  Company  (where 
both  coal  and  wood  are  used)  one  cord  of  bush-wood  closely  piled 
will  produce  as  much  steam  as  i  ton  of  good  coal,  which  was  then 
costing  $11  (2/.  7j.  id.)  per  ton.  Mr.  H.  C.  Hoover  estimated  || 
that  2|  cords  per  horse-power  are  burnt  in  operating  ordinary 
engines  on  the  average  per  month.  Mr.  H.  F.  Bulman  mention.s 
that  the  price  of  salmon-gum  in  1899  was  i8j-.  to  20J.  a  cord  (128 
cubic  feet,  or  35  cwt.),  or,  roughly  speaking,   lor.  6rf.  per  ton.     A 

•  The  wooJcutteri,  finding  itial  they  have  to  go  further  afield  for  wood,  demanded 
an  increase  of  td.  per  ton  on  the  old  rates,  at  the  begiiining  of  1901,  and  ibieatened 
"aslrike"  if  it  was  not  granted  Ihem. 

t  Financial  Timts,  letters  of  correspondent,  September  14,  I900  j  but  a  more  recenl 
estimate  by  H.  Knuisen  ('The  Diehl  Process')  puts  the  consumption  at' 1700  Ions  per 
diem,  or  50,000  tons  per  month. 

t  Mitural  Industry,  vol.  vi.  p.  334. 

%  'Kalgoorlie,  Western  Australia,' by  J.  G.  Bancroft,  Tratis.  Am.  Init.  of  Mining 
Engineeri,  vol.  nxviii.  ||  Mineml  Industry,  vol.  vi.  p.  334. 
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little  later  the  Author  was  informed  that  the  price  per  cord  ranged 
between  i8j.  6rf.  and  25^.  in  3  feet  6  inches  to  5  feet  lengths,  though 
it  may  have  been  bought  cheaper  under  exceptional  circum- 
stances about  that  time. 

The  West  Australian  Gold  Fields  Firewood  Supply  Company 
now  deliver  most  (over  90  per  cent.)  of  the  wood  consumed,  to  the 
mines,  by  a  branch  railway,  and  it  is  said  *  to  cost  the  mines,  under 
contract  at  present  14^.  dd.  per  ton  on  an  average,  tliough  the  Fire- 
wood Supply  Company  are  stated  to  be  able  to  deliver  it  at  Golden 
Gate  railway  station  at  the  Boulder  Township,  for  9^.  per  ton  :  24J'.  a 
cord  is  probably,  therefore,  not  an  out-of-the-*vay  price  to  pay  for 
4-feet  wood  ;  and  stacking  costs  about  \s.  extra.  Mr.  Alfred  James 
estimating  that  a  cord  of  Australian  wood  is  equal  to  1  ton  of  Collie 
coal,  or  15  cwt  of  Newcastle  (Australia)  coal,  states  that  it  should 
roast  at  least  9  (long)  tons  of  KalgoorUe  ore,  and  taking  the  price  at 
Z2S.  6d.  per  cord,  or  i^s.  a  ton,  the  cost  of  fuel  should  not  exceed 
2s.  2d.  per  ton  of  ore  roasted.  He  addsf  that  he  was  informed 
the  actual  consumption  of  fuel  at  the  Great  Boulder  Main  Reef 
was  I  ton  of  wood  to  6  tons  of  ore  roasted. 

As  regards  the  use  of  coal,  Mr.  H.  C.  Hoover  expresses  the 
opinion  that,  with  a  railway  to  Esperance,  coal  from  the  Eastern 
colonies  could  be  imported  at  a  comparatively  cheap  rate,}  &ud 
would  be  equivalent  to  wood  at  $5  a  cord,  or  possibly  less  ;  at  any 
rate,  there  can  be  little  doubt  that,  were  railway  rates  cheaper,  coal 
could  be  obtained  at  a  figure  which  would  enable  it  to  compete 
against  wood  for  steaming  purposes.  Most  of  the  coal  now  used 
comes  from  Newcastle,  in  New  South  Wales,  and  the  Author  was 
informed  in  1899  that  it  cost  about  2l.  i^s.  per  ton  in  Kalgoorlie. 
If  the  quality  of  the  coal  (which  is  said  to  have  improved  with 
depth)  proves  suitable  for  steam  and  roasting  purposes,  the  open- 
ing up  of  the  West  Collie  Coal-field  near  Bunbury,  in  Western 
Australia,  may,  however,  provide  a  cheaper  source  of  fuel  supply, 
as  this  local  coal  could  be  bought  in  1899  at  i/.  i2s.  6d.  a.  ton; 
but  it  is,  I  believe,  admitted  at  present  that  powdered  Collie  coal, 
which  was  tried  iu  firing  steam-boilers  and  roasting- furnaces  on  a 
fairly  large  scale  at  Great  Boulder,  has  not  so  far  been  found  to  be 
as  satisfactory  as  wood  fuel. 

•  Finaneiat  Times,  leUer  of  corrcsjiondi'iit  doted  February  i6,  igoi. 

t   Tra,,,.  lull.  0/  Mining  and  Mttalliir^'v,  vol.  viji.  p.  515. 

J  H.  Knutsen  reckons  it  cotild  be  dt1i»cre<l  for  36J.  a  ton,  or  less,  nf.  at. 
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For  roasting  purposes,  however,  the  Australian  hard-woods 
scarcely  seem  equal  to  coal  of  good  quality,  as  I  am  informed  that  it 
is  more  difficult  to  regulate  the  firing,  and  notwithstanding  that  there 
is  an  excessive  flame  after  firing,  the  heat  is  not  steadily  maintained, 
and  does  not  reverberate  properly  along  the  furnace  hearth,  as  it 
does  with  a  coal  fire  ;  this  being  particularly  the  case  in  furnaces  with 
side-grates,  where  the  flame  is  drawn  sideways  along  the  hearth, 
at  right  angles  to  the  grate  ;  consequently  the  heat  in  a  long  furnace 
is  not  properly  distributed,  but  it  is  apt  to  be  concentrated  too 
much  near  the  fire-places,  to  remedy  which  extra  grates  have  had 
to  be  put  in  in  some  cases.  Another  trouble  seems  to  be  that  in 
some  furnaces  there  is  too  tnuch  space  between  the  arch  and  the 
hearth,  and  the  fire-boxes  were  originally  built  too  large.  In  the 
Edwards  furnaces  at  Ballarat  "  producer-gas  "  is  used  ;  *  and  six  of 
the  Great  Boulder  furnaces,  as  already  mentioned,  were  provided 
some  time  since  with  supplementary  gas-firing,  which  is  stated  to 
answer  particularly  well,  and  overcomes  the  difficulty  of  regulating 
the  temperature. 

The  use  of  either  oil-residuum  or  producer-gas  f  (if  the  former 
fuel  could  be  got  at  a  reasonable  rate)  is  certainly  worth  con- 
sidering, if  the  capacity  of  the  roa sting-furnaces  can  be  thereby 
sufficiently  increased,  and  the  work  performed  materially  im- 
proved, as  I  think  has  been  proved  to  be  the  case  by  substituting 
other  fuel  (notably  producer-gas)  for  wood,  A  letter  in  the 
BuUionist,  dated  Kalgoorlie,  June  23,  1901,  stated  that  the  twelve 
Edwards  roasters  at  the  Great  Boulder  were  then  being  all  fired 
with  "  producer-gas,"  and  it  was  stated  that  a  mixture  of  Collie 
and  Newcastle  coal  gave  better  results  than  Collie  coal  alone. 

The  Kalgoorlie  correspondent  of  the  Financial  Times,  writing 
on  June  1, 1901,  also  remarked  :  "  Of  late  the  furnaces  on  the  Great 
Boulder  works  have  been  doing  excellent  work  ;  the  results  attend- 
ing the  use  of  gas  have  been  so  satisfactory,  that  in  all  probability 
wood  will  shortly  give  place  to  coal  in  all  furnace  work." 

In  support    of  this   opinion   it   is   stated  %   that   the  mills  in 

*  "  Plants  "  of  this  description  ace  being  installed  at  some  of  the  Coloiado  mills,  but 
hdve  not  been  in  opcralion  long  enough  la  furnish  reliable  data  as  lo  cost.  The  resuUa, 
however,  so  far  are  rqiorted  lo  be  satLsfactory  and  favourable.  Mineral  Industry,  vol.  ix. 
p.  364. 

t  A  \ax%e  area  is  stated  to  have  been  taken  up  by  the  Mining  and  Oil  Corporation 
recently  (1902),  to  bore  for  oil  on  the  Warren  River,  Western  Australia. 

I  'The  Cripple  Greek  Gold  Field,'  by  T.  A.  Rickard,  A.R.S.M.  Mining  and 
StifHliJit  Preti,  Uecembet  30,  1S99. 
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Colorado  enjoy  an  important  advantage  in  being  able  to  use  oil- 
residuum  in  combination  with  coal  in  their  roasting  furnaces,— the 
coal  in  the  first  fire-boxes,  or  colder  portion  of  the  hearth,  and  the 
oil  for  the  finish.  The  amount  of  fuel  used  in  the  dililerent  styles 
of  furnaces  varies  slightly,  according  to  Mr.  John  E.  Rothwelt,"  a 
fair  average  consumption  being  from  90  to  loolb.  of  coal,  and  from 
14  to  i8  gallons  of  oil,  per  ton  of  ore  roasted.  The  coal  used  is 
semi -bituminous  Colorado  coal,  and  costs  for  "  run  of  mine  "  from 
$1  "65  to  $3"2S  per  ton  delivered  at  the  works.  The  oil  is  from 
the  Florence  refineries.  Florence  is  the  oil-centre  of  Colorado,  and 
the  oil-residuum  which  is  obtained  from  the  distillation  of  petroleum 
costs  from  75  cents  to  $1  ■  10  per  barrel  of  42  gallons.  There  is  con- 
sequently stated  to  be  an  increased  demand  for  it,  although  .some 
metallurgists,  I  am  told,  still  prefer  to  use  coal  alone  oi  first  class 
quality  when  it  can  be  obtained.  Oil,  however,  would  certainly 
seem  to  afford,  like  gas,  a  fuel  well  adapted  for  roasting,  as 
permitting  a  nice  and  quick  adjustment  of  the  heat  of  the  furnace. 

The  Nature  of  the  Ore,  etc. — This  may  no  doubt  afTect  the  work- 
ing of  the  roasting  furnaces  in  several  ways.  For  instance,  the 
comparatively  high  percentage  of  sulphur,  and  other  volatile  sub- 
stances present  in  the  Kalgoorlie  ores,  although  of  advant^e  in 
supplying  and  distributing  the  heat,  which  should  tend  to  reduce 
the  fuel-bill,  adds  to  the  cost  in  other  directions,  as  it  necessitates 
the  chaise  remaining  in  the  furnace  longer  than  otherwise  would 
be  necessary  in  order  to  roast  it  "  dead-sweet." 

The  risk  of  raising  the  temperature  to  too  high  a  point,  with 
the  heat  not  thoroughly  well  under  control,  and  so  causing  the 
ore  to  agglomerate  and  the  gold  in  the  tellurides  to  "  sweat-out," 
combined  with  the  fear  of  mechanical  losses,  or  losses  through 
volatilisation  f  (though  this  latter  danger  is  almost  nil  with  proper 
precautions),  possibly  also  leads,  in  some  cases,  to  the  furnaces 
being  kept  too  cold  %   and  to  the   chaises   being  in    sonic  cases 

"  Mineral  Industry,  vol.  ix.  p.  364. 

t  Joha  E.  KoihwcU,  Muieral  Imlnilry,  vol.  ii.  p.  364,  says  :  "  The  gold  losses 
by  vol.itilisalicin,  ibat  is  to  much  feared  and  discus^  by  melallu^ists  not  familiar  with 
recent  practice,  is  ptactieaUy  ail  in  the  Cripple  Creek  telluride  ores,  all  losses  being 
mechanical."  There  is,  however,  an  essential  difTerence  in  the  composition  of  Cripple 
Creek  and  West  Austialian  ores,  and  even  if  dry  crushed  there  may  be  a  certain 
amount  of  chloride  of  sodium  in  the  laUer  class  of  ore,  which  may  produce  volaiilisation 
of  gold. 

t  Sulphur  burns  at  between  135°  and  a6o°  C,  =  455°  and  500°  F.,  and  is  vaporised 
at  446°  C.  =  836°  F. 
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insufficiently  rabbled,  to  do  proper  work.  According  to  Mr.  John 
E.  Rothwell,  the  temperature  at  which  roasting  is  done  in  Cripple 
Creek  practice  varies  from  the  cold  ore  to  700°  F.  at  the  first  fire- 
box (one-third  the  distance  of  the  hearth),  and  from  this  it  in- 
creases to  1 100"  F.  (at  two-thirds),  the  finishing  heat  being  between 
1500  and  1600°  F,  The  usual  time  required  to  pass  the  ore 
through  the  furnace  varies  from  3 "  5  to  5  hours,  depending  on  the 
amount  fed  in, 

I  should  say,  however,  that  in  all  probability  the  previous 
mechanical  preparation  of  the  ore  has  more  than  anything  else  to 
do  with  the  small  capacity  of  the  roasting-fumaces,  as  it  prevents 
the  air  from  properly  penetrating  the  charge,  renders  it  difficult  to 
rabble  without  causing  excessive  "  dust,"  and,  owing  to  the  rapidity 
with  which  the  oxidation  of  individual  particles  takes  place,  with 
a  temperature  generated  above  the  fusion  point  of  tellurium,  it  no 
doubt  renders  the  telluride-ore  liable  to  "  frit,"  causing  the  forma- 
tion of  lumps ;  a  fairly  even  and  granular  material,  as  free  as 
possible  from  dust,  if  the  ore  is  dry-crushed,  being  theoretically 
the  most  desirable  condition  to  aim  at. 

It  seems  probable  that  the  roasting  temperature  exercises 
an  important  effect  on  the  extraction  of  the  soluble  salts  in 
the  Boulder  Main  Reef  process,  as  some  sulphates,  should  they 
happen  to  be  formed,  would  be  rendered  anhydrous,  and  very 
likely  insoluble  in  water,  if  heated  above  a  certain  point,  whilst 
others  would  be  unaffected.  Sulphate  of  lime,  it  may  be  added, 
is  stated  to  lose  the  power  of  setting  and  solidifying  if  heated 
above  260°  C.  (500°  P.). 

It  must  be  borne  in  mind,  moreover,  that  the  time  required 
for  leaching  with  cyanide  may  be  greatly  prolonged  by  imperfect 
roasting,  and  the  consumption  of  that  chemical  is  liable  to  be 
enormously  increased  from  this  cause. 

On  the  other  hand,  when  the  temperature  is  too  high,  and  re- 
ducing gases  are  present,  they  impede  the  oxidation  of  the  sul- 
phides, and  cause  the  formation  of  lower  sulphides  and  basic 
sulphates,  which  may  act  injuriously  on  the  cyanide-solutions  ; 
and,  as  Mr.  C.  W.  Merrill  has  pointed  out,"  there  is  a  class  of  roasted 
material  (such  as  telluride  ores)  in  the  roasting  of  which  the 
temperature  may  be   high  enough  to  fuse  the  minerals  in  which 
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the  gold  occurs,  so  "imprisoning"  it  as  to  render  it  incapable  of 
being  dissolved  by  cyanide  solutions ;  in  consequence  of  which 
recourse  must  be  had  to  grinding  and  amalgamation,  as  previously 
pointed  out. 

Mr.  Philip  Argall  also  lays  stress  on  the  fact,  previously  noticed, 
that  to  successfully  roast  teHuride  ores  requires  a  very  gentle  and 
slow  application  of  heat,  with  a  very  high  terminal  temperature 
(close  to  the  sintering  point)  to  break  up  the  sulphates.  With 
badly-roasted  ore,  sulphates  of  alumina  and  magnesia  prove  par- 
ticularly troublesome,  inasmuch  as  the  hydrates  precipitate  on  ex- 
posure of  the  solutions  to  the  air,  and  also  through  mixing  with 
solutions  coming  from  other  and  more  alkaline  charges ;  coating 
the  zinc  in  the  precipitation-boxes  with  a  gelatinous  film,  which 
effectually  prevents  the  precipitation  of  the  gold. 

It  would  be  interesting  to  know  whether  the  water  of  hydration, 
which  minerals  in  the  ore  arc  liable  to  contain,  causes  decrepita- 
tion, and  influences  the  roasting  of  these  ores  to  any  appreciable 
extent. 

Inexperience  can  only  be  remedied  by  taking  time  to  train  hands 
new  to  the  work,  and  substituting  experienced  men,"  A  poor 
roast,  carrying  above  0'3  per  cent,  of  sulphur  as  sulphide,  upsets 
everything,  and  .sends  up  the  residues  at  once.t  This  may  be 
partly  due  to  want  of  umformiiy  in  the  sulphur  contents  in  the 
furnace  charges,  the  only  remedy  for  which  is  to  automatically 
sample  in  bulk,  and  mix  the  ore  before  it  goes  to  the  calciners  ; 
but  whilst  this  is  always  done  at  Custom  Works,  where  the  ore 
is  purchased  and  sampled  on  a  lat^e  scale,  it  is  rarely  done  at 
mines.  The  control  over  results  which  correct  preliminary 
sampling  gives  would,  however,  frequently,  I  believe,  cover  un- 
suspected losses. 

In  Colorado  the  cost  of  crushing  and  sampling  in  this  way  may 
be  estimated  at  from  50  cents  to  75  cents  per  ton. 

The  practice  at  Cripple  Creek, J  Mr.  John  E.  Rothwell  states, 
is  to  mix  the  ores,  so  that  the  sulphur  contents  will  be  close  to 

•  In  Colorado,  Mr.  Alfred  James  slates  that  "  roaslets  "  are  paid  lit.  per  shift,  and 
the  COS!  of  labour  amoants  to  less  than  (sd.  per  Ion  roasted.  With  ibe  best  installations, 
lubricants  cost  \d.  per  ton,  and  whilst  repairs  vary  with  the  amount  of  ironwork  exposed 
to  heat  in  the  interioi  of  the  furnace,  in  up-to-date  plants  1bi&  item  has  been  reduced  to 
less  than  \H.  per  ton.     Trans.  Jnil.  of  Mitiing  and  Mtlallurgy,  toI.  viii.  p.  515. 

t  Owing  to  tUs  muse  a  good  many  mines,  I  believe,  have  had  to  re-treal  reiidues, 
and  lliis  has  been  a  serious  item  of  expense. 

X  Mineral  Industry,  vol.  ix.  p.  363. 
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I'S  per  cent.,  in  order  to  get  a  maximum  capacity  out  of  the 
furnaces. 

The  sulphur  in  the  roasted  ore  is  determined  in  both  the  soluble 
and  insoluble  states — the  soluble  being  the  sulphur  in  the  sulphates 
soluble  in  hot  water,  and  the  insoluble  the  sulphur  in  sulphides  or 
other  forms  insoluble  in  hot  water.  When  a  furnace  is  in  good 
working  condition,  and  the  pulp  is  uniform  in  its  sulphur  contents, 
the  sulphur  left  in  the  roasted:ore  should  not  exceed  0"i  per  cent,  of 
which  for  the  best  work  the  insoluble  should  not  exceed  o  ■  03  per  cent. 

In  Colorado,  considerable  attention  has  been  paid  to  methods 
of  cooling  the  ore,  after  roasting  it,  and  several  systems  of  doing 
so  arc  in  use  there. 

In  some  cases,  the  return  mechanism  of  the  straight-line  hearth- 
furnaces  is  used  to  move  the  pulp  back  along  a  hearth  of  light 
sheet-iron  open  to  the  air,  above  or  below  the  roasting-hearth. 

A  form  of  cooling-hearth  designed  by  Mr.  John  E.  Rothwell  has 
an  annular  sheet-iron  bed,  provided  with  suitable  expansion  joints, 
on  which  the  hot-ore  is  distributed,  ploughed  up  and  pushed  for- 
ward by  rabbles  attached  to  arms  fixed  to  a  central  revolving  shaft. 

Argall's  rotating  cylinder-cooler  has  already  been  referred  to, 
and  Mr.  John  E.  Rothwell  has  invented  a  vertical  water-jacketed 
cooler  (described  in  the  Engineering  and  Mining  Journal,  July  29, 
1S99),  which  consists  of  a  water-tight  shell  with  a  number  of  tubes 
in  it,  like  the  flues  of  a  boiler,  through  which  the  ore  is  fed  from  a 
storage  hopper,  whilst  it  is  withdrawn  from  below  by  a  mechanical 
device  like  an  ore-l'eeder,  that  is  set  so  as  to  remove  the  pulp  as 
fast  as  it  comes  from  the  furnace.  Water  circulates  through  the 
shell  outside  the  tubes,  and  3  cooler  1 1  feet  high  and  6  feet  square 
is  stated  to  have  a  capacity  of  30  tons  per  24  hours. 

The  troubles  with  all  water-jacketed  coolers  are  danger  of 
leakage,  and  they  must  be  provided  either  with  a  constant  supply 
of  water  that  can  be  allowed  to  run  to  waste,  or  the  water  must  be 
cooled  and  pumped  back. 

Another  device  consists  of  a  sheet-iron  tower,  containing  a  series 
of  sheet-iron  shelves  over  which  the  ore  passes  in  a  thin  sheet, 
whilst  cold  air  is  forced  through  the  interstitial  spaces  around  the 
shelves,  and  carries  off  the  heat. 

In  estimating  the  area  required  to  cool  ore  on  a  hearth,  Mr.  John 
E.  Rothwell  say.s,"  "  It  has  been  found  that  an  area  of  6  square 
feet  of  hearth  surface  is  ample  for  1  ton  of  ore  in  24  hours,  the  ore 
'  Miiiital  Indiiiliy,  sol.  ix.  p,  364. 
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being  delivered  to  it  at  a  temperature  of  about  800"  F„  and  leaving 
it  at  about  100°  F." 

In  conclusion,  it  may  be  pointed  out  that,  although  the  past 
history  of  the  treatment  of  the  Kalgoorlie  sulpho-telluride  ores  has 
not  been  free  from  mistakes,  they  have  mostly  been  like  those  of 
the  explorer  who,  finding  himself  in  a  new  country,  without  maps 
or  local  guides,  having  to  strike  out  a  new  line  for  himself,  has 
sometimes  taken  a  wrong  path  and  had  to  retrace  his  steps. 

The  ultimate  evolution  of  the  problem  must  necessarily  be 
watched  with  keen  interest  by  miners  and  metallurgists  who,  pro- 
fiting by  past  experience,  are  interested  in  seeing  it  settled  on  its 
merits,  so  as  to  secure  the  best  and  cheapest  form  of  treatment 
applied  to  the  ores  of  this  district ;  and  the  Author  ventures  to 
think  that  if  the  Boulder  Main  Reef  system  could  be  somewhat 
modified,  so  as  to  enable  the  sulpho-tellurides  to  be  roasted  coarser 
than  they  are  at  present,  and  anything  over  90  per  cent,  of  the 
gold  could  be  afterwards  extracted,  without  having  to  resort  to 
washing  or  double  filter-pressing,  that  method  might  be  cheapened. 

If  it  did  not  appear  to  be  requisite  (for  reasons  previously  ex- 
plained) to  chill  the  ore  in  a  fine  pulverised  condition  in  water,  as 
it  leaves  the  furnace  hot,  I  should  be  inclined,  indeed,  to  think 
that  it  would  pay  better  to  "  granulate "  the  ore  before  roasting 
with  rolls,  sending  it  to  the  furnaces  in  a  coarser  condition  ■  than 
is  now  the  practice,  before  "  si  iming  "  it  in  the  pans  ;  as  it  ought  to 
be  cheaper  to  roast,  be  better  roasted,  and  entail  less  loss  in  dust 
when  in  a  more  or  less  sandy  condition  ;  and  it  should  be  easy  to 
'■  slime  "  after  roasting. 

But  it  seems  possible  that  the  necessity  of  chilling  the  ore 
might  be  obviated  by  employing  the  Gilmour- Young  process  de- 
scribed by  Mr.  James,  to  which  reference  has  been  made,  to 
secure  the  amalgamation  of  the  gold,  and  if  it  worked  as  well 
with  the  Kalgoorlie  ores  as  it  seems  to  do  in  Central  America 
(even  supposing  that  the  removal  of  the  soluble  sulphates  by 
washing  them  out,  as  a  preliminary  step,  could  not  be  dispensed 
with),  it  would  open  the  prospect  in  this  connection  of  doing  away 
with  one  of  the  more  costly  operations  in  the  process,  viz.  the  ex- 
traction of  the  gold  by  cyanide  leaching  in  "the  press"  and  the 
precipitation   of  the    gold    in   the   zinc-boxes.      At   any   rate   it 


I,  Dr.  E.  J,  Peters,  junr.,  remarka  upon  the  prepataiion  of  ores  for 
roasting,  "  The  best  siie  to  which  to  crush  varies  wilh  each  individual  ore,  and  is  entirely 
a  matter  of  trial  and  experience,  etc."— .Va/wh  Copftr  Smelling.  7lh  edition,  p.  96. 
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would  not  cost  much  to  try  it  as  an  experiment,  and  see  if  it 
succeeds.  It  has  also  been  suggested.  I  believe,  that  after  the  ore 
has  been  roasted  and  amalgamated,  the  residues  might  be  thrown 
out  into  the  open  to  weather,  so  as  to  obviate  the  necessity  for  such 
fine  grinding,  and  secure  a  teachable  product,  which  would  give  a 
high  extraction. 

As  regards  wet  crushing,  one  direction  in  which  costs  may  be 
cheapened  (to  which  I  have  already  referred)  was  foreshadowed  by 
Mr.  Govett,  the  chairman,  at  the  last  annua!  meeting  of  the  Lake 
View  Consols  (December  13,  1901),  at  which  he  stated  that  they 


Fig.  6;.  — I'durini.;  the  Buu.ion  :   Thk  Grkat  Bouldek  Perskvebanck. 

had  cabled  for  30  tons  of  ore,  and  if  the  preliminary  trials  by  the 
"  oil  process  "  proved  a  success,  further  tests  on  a  large  scale  would 
be  made  at  the  mine. 

He  added  that  hope  of  great  economy  was  held  out,  and  apart 
from  its  application  fo  high-grade  ore,  if  they  could  concentrate 
lO-dwt.  ore  in  the  ratio  of  10  to  i,  and  the  estimates  of  cost  are 
correct,  they  should  show  a  good  profit  on  lO-dwt.  ore.  If  the  ore 
is  wet  crushed,  Mr.  Alfred  James  states  ■  that  in  practice  it  is  found 

•  ' Metallurfiical  Prognss  in  Western  Australia,'  by  Alfred  James,  Eugiuefritis  and 
Afinittg yeurnal,  Januarys,  1903. 
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that  when  the  sulphides  present  amount  to  O'S  per  cent,  extrac- 
tions are  unsatisfactory  with  cyanide. 

This,  he  remarks,  shows  the  extreme  importance  of  close  con- 
centration, and  he  expresses  himself  in  favour  of  wet-crushing 
(because  of  concentration),  amalgamation  on  plates,  concentration, 
roasting  the  concentrates  with  subsequent  sejlarate  treatment  on 
the  lines  of  that  given  the  tailings  from  the  concentration  tables, 
fine  grinding  in  tube-mills,  further  concentration,  the  agitation  of 
the  tailings  and  slimes  with  cyanide  solution,  and  filter-pressing. 

In  considering  the  general  results  of  sulphide  treatment  at 
Kalgoorlie,  the  fact  must  not  be  overlooked  that,  whilst  the  cost  is 
still  undoubtedly  high,  the  average  percentage  of  gold  reported  as 
recovered,  viz.  90  to  96  per  cent.,  is  considerably  higher  than  has 
been  the  case  in  most  instances  where  (comparatively  speaking) 
free-gold  ores  are  dealt  with  ;  the  recovery  in  such  cases  ranging  a,i 
a  rule  from  70  up  to  87  per  cent,  at  the  outside,  unless  the  tailings 
are  re -treated. 

G.  A.  Denny,*  M.  Inst.  M.M.,  estimates  the  actual  average 
recovery  value  in  the  Transvaal  by  milling  and  cyanide  at  80  per 
cent,  or  85  per  cent.  If  the  slimes  as  well  as  the  sands  are  treated  ; 
stating  that  the  losses  will  be  found  to  figure  as  follows :  7  per 
cent,  loss  in  tailings  treatment  (sands) ;  3  per  cent,  loss  in  slimes 
treatment ;  and  s  per  cent,  of  loss  unaccounted  for. 

Although  a  high  extraction  of  gold  may  not  be  any  gain  to  the 
individual  mine  owner,  if  his  costs  are  so  much  higher,  an  extra 
10  per  cent,  won,  from  an  economic  point  of  view,  is  of  the  greatest 
possible  benefit  to  the  industry  at  large,  as  it  represents  so  much 
more  gold  put  into  circulation,  that  would  otherwise  be  locked  up 
and  of  no  use  to  anyone.  Moreover,  with  rich  ores,  like  those  of 
Kalgoorlie,  the  recovery  or  escape  of  a  small  extra  percentage  re- 
presents a  far  larger  gross  saving,  or  loss,  than  would  be  the  case' 
if  a  low-grade  ore  were  being  dealt  with,  and  a  close  saving  is  there- 
fore a  matter  of  the  first  consequence.  On  the  Rand  the  percentage 
of  the  total  output  paid  in  dividends  as  shown  in  a  table  given  by 
T.  K.  Leggett,t  rose  from  12-3  per  cent,  in  1890  to  28  per  cent,  in 
189s  (the  boom  year),  then  fell  to  20-8  per  cent,  in  1896,  and  rose 
to  26-1  and  32  per  cent,  respectively  in  1897  and  1898. 

•  '  Observations  on  StmpUng  Compulation  of  Assay  Averages,  and  relation  of  Assay 
value  to  Recovery  value  as  applied  to  Banket  Mining  in  the  Transvaal,'  by  G.  A.  Denny. 
Trans.  Imt.  0/  Mining  Enginett!,  vol.  x\x.,  and  this  subject  is  furtlier  treated  by  the 
same  author  in  '  The  Deep-Level  Mines  of  the  Raacl.' 

t  Tram.  Am.  Imt.  of  Mining  Enginteri,  vol.  xxxi.  p.  1035. 
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I  venture,  indeed,  to  regard  it  as  being  of  the  utmost  import- 
ance for  an  engineer  to  consider  carefully  beforehand  what  line 
of  treatment  will  return  the  greatest  possible  profit,  and  money 
is  frequently  saved  by  their  allowing  him  sufficient  time  to  con- 
sider this  matter  carefully,  through  not  being  in  too  great  a  ■ 
hurry  for  big  returns  ;  for  once  the  plans  of  works  have  been 
decided  upon,  he  is  bound  to  stick  to  a  definite  course  of  action  and 
carry  it  througli ;  and  if  he  starts  on  the  tvr-otig  Hue,  initial  mistakes 
are  apt  to  be  made,  which  are  always  costly,  and  often  impossible 
to  remedy.  The  remarks  of  the  Chairman  at  a  company  meet- 
ing serve  as  an  illustration  of  this.  He  is  reported  to  have 
said  : — "  We  cannot  afford  to  spend  any  more  money  in  experi- 
ments. Many  of  you  will  perhaps  blame  me  for  not  recom- 
mending, when  I  originally  went  out  to  the  mine,  the  doing  away 
with  all  our  plant ;  but  I  appeal  to  you,  I  had  not  the  courage  to 
condemn  absolutely  a  forest  of  machinery  which  cost  this  company 
500,000/.,  and  say,  '  Do  away  with  it  all  and  erect  something  else.' 
I  had  not  the  courage,  nor  had  the  managers,  nor  the  professional 
gentlemen  I  consulted  ;  they  all  suggested  that  certain  alterations 
should  be  made,  by  which  we  could  utilise  that  vast  machinery. 
Well,  we  are  certainly  succeeding  in  this,  but  very  slowly." 

I  think,  perhaps,  this  is  one  reason  why  more  rapid  progress 
has  not  been  made  in  reducing  the  cost  of  treating  sulphide  ores 
on  this  field,  and  many  errors  might  have  been  avoided  if  in  its 
early  days  people  had  possessed  the  experience  they  now  have  to 
guide  them.  Variations  in  the  cost  of  treatment,  and  percentage 
of  extractions  in  different  mills,  using  the  same  process,  and  even 
in  the  same  mill  at  different  times,  show  what  an  important  part 
capacity  of  plant,  as  well  as  capacity  of  management,  plays  in  the 
ultimate  commercial  result,  and  how  it  is  liable  to  be  influenced  by 
the  arrangement,  class  and  design  of  the  machinery  employed,  as 
well  as  by  changes  in  the  character  of  the  ore  treated,  and  other 
governing  factors — matters  that  need  to  be  carefully  inquired  into 
and  continually  watched  and  regulated. 

It  appears  from  a  letter"  of  Mr.  W.  Bramall,  Secretary  of  the 
Great  Boulder  Perseverance  Gold  Mining  Company,  Limited,  that 
the  Australian  Gold  Recovery  Company  abandoned  their  applica- 
tion for  leave  to  amend  their  cyanide  patents  in  Western  Australia. 

•  Financial  Timtt,  letter  dated  Octobei  l8,  1901. 
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SUPPLEMENTARY   TABLES. 


No.  I.— Cost  or  Sulphide  Treatmknt  at  the  Works  of  the  Great 
Boulder  Gold  Miking  Cohpanv,  in  1903.* 


Sulphide  Works  !- 

Poir«i,  eneines,  boilers,  condeiuert,  etc.    . 

Crushing,  ore-bre>ken,  GriRia  niQls,  etc.  . 

Roasting  fumaees,  gas  generator*,  fuel,  etc. 

Amalgamating  pans,  siHtzkaileo,  etc. 

Drying  crude  ore  and  concentrates     . 

Proportion  assay  expenses  O'JOi/. ;  electric  light- 
ing 2-tl^.;  coadcnsEd  vater  2'Soi/. ;  mt 
ment  and  general  expenses  ^'bid.  . 


«-7a 

I    091 

2      9-63 

i-a? 

3    S'33 

4    6-6o 

7'99 

'o  75 

1    6-74 

067 

0-78 

I -45 

Cyanide  Worts  r— 

Supervision 

Power,  engine,  compressor,  boiler,  etc. 

Cyaniding,  agitation,  filler-pressing,  etc.    . 

Disposal  of  residues  .... 

Zinc-boxes,  precipitation  and  recovery  of  gold 

Proportion  assay  expenses  O'f&d. ;  electric  light-j 

ing  I  -2od. ;  condensed  water  0'1%d. ;  mi 

mcnl  and  general  expenses  \'y>d.  . 


6-36   1 


7" 19   ]    3 
9' 79   ' 


933 
4    8-95 


■  Given  by  G.  M.  Roberts,  excerpt  from  the  Xefor/  o(  the  Chamber  of  Mini 
Western  Australia,  September  I901. 
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Tailinos  Mil 
Tons  of  lailiDgs  from  old  heap,  etc. 
sulphide  mill 

old  mill 

2   =  "  ' 

Wages  and  salaries      . 
Cyanide     . 
Stores        . 
Trucking  . 

Cableway  expenses      . 
Firewood  . 
Condensed  water 

Lime         .         .         .       i 

Assays 

Bricks 

]  -5 

3 

^llgllff-S-      1 
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Sulphide  Mii 
tonnage  treated 

Bullion  returned  by  amalgamation  (oi 
Fineness  of  bullion      . 
Residues  assayed  (dwt.  per  ton)   . 
Loss  of  mercury  (oi.)  . 

2   " 
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No.  VI.— Hahnan's  Bkownhill i   Meihod  of  Workihc,  u  given  by  H.  Kontsen, 
(Eicerjit  from  a  paper  read  before  Hit  Jtitt.  of  Mining  and  Maallurgy,  Jone  1903.) 


zBatteiy 
Copper  Plate 


Copper  Plate 
4  Wilfley. 


-«KEdwatds  Router 


TaUing  Wheel 
Classifier 


Strong  Sol. 
KCy  BrCy 

HI  « 


Intermediate  Tank 


-♦5  Agitatori 
Filter-preu 
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No.  VII.— ANALYSIS  OF  Costs  at  Hannan's  Bbowkhill  in  Jdly  1901,  ■»  e»' 
by  H.  Knutscn.  (Eicerpt  from  a  paper  read  before  the  Imt.  of  Mining  a 
Metallurgy,  Judc  1903.) 

Total  CwL 

Labour : —  £    i.  d. 

3  engine  drivers 62  10  o 

3  firemea  .       ■ .                   .         .  3^  '  S  *• 

I  greaser ai    3  10 

Sundry  labour,  etc 27    3  10 

Fire-wood 267  19  a 

FreA  water 44  10  i 

Sundry  supplies  and  fodder  3'     4  3 

Repairs  and  uklaries 30    a  5 


Proportioned  as  ander  ;- 
Milling 

Concentrates 


a36  18 
54  '* 
231  16 


Labour : — 

3  battery  hands 
2  breakers 
Sundry  labour 
Proportion  timekeeper 
„  electrician 


Obe  Transport, 

2  lift  truckers 37  17    ' 

Supplies  : — 

Fresh  water I  la    : 

Sundries 4    6  II 

Administration                                                      .  lo  13  I 

Repairs 36  16    1 

Power 236  18 

Assaying                          ■                                     .  10  12 


LalMiur  : — 

3  vanner  hands 

Sundry  supplies 
Repairs 

Power  Cproportioi 

Assaying  , , 

Administration     „ 


Concentration. 
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Analysis  op  Costs  at 

Hannah's  Bko 

WNKIL 

L— 

<eHtwutd. 

Tkeatuent  of  Concentkatbs. 

Ton 

Cm.        Cost 

Labour .—                                                                    i 

d.          1. 

3  drivers 63 

6 

S 

3  boys 3> 

0 

0 

Electrician I 

0 

0 

Fwl 45 

4 

0 

SondiT  supplies 4 

>4 

8 

Salaries i 

16 

8          t 

^ 

z 

1 

Extraction. 

Labo^r^- 

3  solution  hands 79 

16 

6 

3            „             (as»itants) 

58 

6 

8 

2  filter-press  foremea 

46 

16 

8 

4        „          cleaners 

75 

7 

8 

4        „          truckers 

64 

8 

7 

I  watchman    . 

18 

3 

3  rouse-aboDts 

43 

5 

6 

6 

I 

electrician 

„          carters    . 

3 

0 

0 

,,          crushing  lime 

0 

0 

Supplies  :— 

Lime      .... 

36 

Zinc  shavings 

17 

3 

6 

418 

9 

Broowwranide 

457 

0 

Sulphuric  add 

20 

n 

6 

Freshwater    . 

4 

9 

Bromo  salts    . 

109 

3 

Other  supplies 

78 

9 

7 

Repair.         .         . 

64 

9 

I 

231 

16 

9 

Assaying 

45 

6 

8 

16 

" 

8       .7 

1S87 

21^ 

_7 

Summary. 

Com  per 

Millinfi 

4    0-5 

Concentration 

"     ?■ 

Treatment  of  concentrates     .... 

I     4'0 

Extraction 

17    ic 
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No.  VIII. — Tub  Ivamhob  Gold  Cobpokation,  Limited. 

Resnlii  and  Analysis  of  Cost  of  TrcAtrneDt  in  1901. 

Battbsy  Costs. 

OldMm(\^mmfki). 

Tons  treated 74.226 

Bullion  produced         ....      43 ,  324  jie.  lo  dwt. 
Cost  per  oz lU.  S'6S&£ 

Tou]  Oki.  Cosi  per  ud. 

I       ,.    i.  ..        d. 

Labour 5i586  17  ">  ■     6-064 

Condenied  water  ....         3,419    9  ii  o  11*056 

Salt  water 3,190  15  11  o  10-317 

Tailings  and  relurn  water      .  914  13    6  o    2*957 

Fuel 6,436    4    3  I     8-811 

Quicksilver 391  13    8  o    0-944 

.Stores i.5l8    4  II  o    4'909 

Repair*  and  renewals    ....         3.893  13    3  I     0-590 

Assays 145     7     1  o    O'j70 

35.396  >9    4  6  lO-iiS 


New  Milt  {imonlhi). 
Tons  treated       ....  13,858 

Bullion  produced         .         .         .       7*18  02.  11  dwL  la  gr. 
Cost  per  oz I2t.  0-834^. 

Total  Com.  Cost  per  too. 

£       ,.    d.  ,.        d. 

Labour 606  15  II  o  10-509 

Conderued  watei  ....  563  la    o  o    9-761 

Saltwater 681     6    6  o  It-817 

Tailing*  and  return  water      ...  393  tS    6  o    5-073 

Fuel 1,347  '3     '  1    9'** 

Quicksilver 74    4    o  c    i  -385 

Stores 15S  10    7  o    2-745 

Kepain  and  renewals    ....  31  14    9  o    0-550 

Assay* IS    9    9  o    0-268 

Concentrating 6S3    at  o  11-830 

4.356    73  6    3446 
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IVANHOE  Gold  Corporation — mntinutd. 

Tailings  Tkeathent. 

Satidt  cyaiudid  (13  tmnths\. 

Tons  treated 461459 

Bnllion  produced I9<7^3  o^ 

Cost  pet  01 lat.  3-653./. 

Toul  Cot',  C«l  ptr 

i     ..    d.  ,.  d. 

Snperinlendeace  .....           408  tS    1  o  2'i 

Hoginc  driving     .....            450  10  ti  o  2'3 

Filling  and  emptying  vats      .                           2,891   15     5  I  2'9 

Removal  of  old  tailings                                         913  19    4  o  4-7 

Cutting  line 56    3    j  o  o'2 

Zinc 135  16     1  o  Q-7< 

Cyanide  ofpotasiium     ....         3.424    38  1  5-6 

Lime 471  14    o  O  1-4 

Fuel 1,249  15    6  o  6-4 

Storei 3^9  14     I  o  ['9 

Repairs  and  lenewals    ....             710    65  o  3'6 

Smelling     ......             loa  10    6  o  0-5 

Condensed  watei           ....            651  13    5  o  3-3 

Aways 321  11     i  016 

12,158  II     8  5  2-8 


Slima  cyaitidtd  {12  monlhi). 


Tons  treated 
Ballion  produced 
Cost  per  01. 


a4.S34i»-8dwt.  13 
i6j.  4-0641/. 


Labonr        ......  4,126  14    . 

Trucking 1,893  '6    1 

Engine  driving 499    9 

Corapresied  air    .  953    2    1 

Smelting 151     2    1 

Repairs  and  renevrals    ....  1,034  '^ 

Cyanide  of  potasuum    ....  4,672     J 

Lime 517    8    1 

Zinc 13s  "5    ' 

Fael 1,488    3 

Filter  cloth 219     7 

Turning  zinc         .....  56    3 

General  stores      ....  504  10  i 

Condensed  natei           ....  8l2  13 

Removal  of  old  slimes  ....  3,014  '3 

Salt  water 381  19 

Assays 581    3 , 

30,043     '     ■ 


i^yf 

3' 773 


0-538 
5-891 
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No.  IX.— The  Golden  Horse-Shoe  Estates,  Limited. 
Results  uid  Analjsisof  Trulment  Charges,  etc.,  in  1901. 


Battery  Treatment. 

Tons  treated          ....                77, 

tloi 

Bullion  produced,  oz.      .                                   57.978 

i2<; 

FineKofa                „        .         .         .                54,67S'i6i 
Siandkrd  gold         „       ,         ,         .                59,64S'S^7 

Fine  silver              a, 

36049 

Yield  per  ton          .         .         .         - 

745 

I 

d. 

ToUl  value 231,832 

Value  per  ion         ...         .                    2 

19 

7 

152 

Value  per  01.          ....                    3 

19 

664 

Cost  per  01 0 

" 

232 

J. 

Cob  per  ion. 

I       '. 

*.       rf. 

Superintendence  and  amalgamatit.11                  1,559  19 

7 

0    4-812 

Engine  driving,  firing,  etc.    . 

2,479    3 

0    7-648 

Feeding       . 

544    7 

6 

0     1-679 

1,797     3 

6 

0     5-544 

Tailings  wheel       . 

356     I 

3 

0     1098 

Assaying  and  retorting,  etc. 

ais    8 

g 

0    o'665 

2,296  11 

0    7-085 

Return  water 

1,390  13 

0    4290 

Mercury      .         . 

519     4 

3 

0     i'6oi 

Fuel  .... 

7.373    3 
3,875  11 

9 

I   10-742 

Water,  salt 

0  11-955 

Water,  fresh 

5,794    f> 

•     S-8?i 

Screens,  jihoes  and  dies 

691   10 

0    2-133 

Electric  light 

524  15 

3 

0     .-6.9 

Cnmpressed  air    . 

I. lot     6 

4 

0    3-397 

General  repain  and  maintena 

3,640  16 

0  11-231 

Amalgamating  pans      . 

".•49    9 

8 

0    3-546 

Concentrating  table*     . 

91     S 

0    o-jSi 

Rcali.'jaliOD  charges 

S.I03    9 

I 

0    6-4S9 

Sands  Tkeatmeht. 


Tons  treated 
Bullion  produced,  o; 
Fine  gold  , 

Standard  gold         , 
Fine  silver 
Yield  per  ton  , 


16,786-347 
18,311-373 
2,437-580 


Total  value   . 
Value  per  ton 

Value  per  01. 
Cost  per  01. 


6  696 

4-704 
6-720 
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Golden  Horse -shor — 


SolulioDists,  pumping,  etc. 
Filling  and  einplying  vals 
Engine  driving,  nring,  etc. 
Turning  zinc 

Assaying  and  retoiting,  elc 
Enteosian  of  tramway  and  rt 


Fuel  .... 

Watei,  salt 

Water,  fresh        . 

Lime  and  chloride  of  lime 

Cyanide 

Electric  light 

General  repairs 

Breaking  slimes 

Ke-handling  sands  from  dump 
RealisatioD  charges 


3,408  17  9 
308  IS  a 
176  13    8 


36a  II     I 


4-615 

»-3o8 


Slimes  Treatment. 


Tons  treated 

Bullion  produced,  o;. 

Fbe  goid  ,, 

Standard  gold  „ 

Yield  per  ton  ,, 

Total  value 
Value  per  ion 
Value  per  oz. 


Si,SS8 
21,97' ■*50 
17,^88-926 
19,515-187 
I, 621 '68 
0-445 


Superintendence  and  attending  solutions 

Engine  driving  and  firing 

Discharging  presses 

Dumping  residues 

Turning  tine 

Auaying  and  retorting,  c 

Cyanide 

Filter  cloth 

Zinc  . 

Fuel  . 

Water,  salt 

Generid  stores,  charges,  1 

Compressed  aii    . 

Electric  light 

Water  (condensed) 

Breaking  slimes  and  lands 

Realisation  charges 


0-9S4 
9-220 
4-642 
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CHAPTER  X. 

WESTERN   AUSTRALIA,   ECONOMICS  AND   STATISTICS. 

Freight  and  Railway  Rates. 

Railways  afTord  one  of  the  most  reliable  indications  of  the  state 
of  prosperity  and  commercial  activity  of  a  country,  since  they  are 
indispensable  to  the  growth  and  development  of  industries  of  all 
kinds,  and  they  form  in  process  of  time,  as  they  gradually  extend,  a 
steel  skeleton  which  gives  the  country  backbone  and  support 

On  a  population  basis,  Western  Australia  is  particularly  well 
ofTin  this  respect,  as  in  1899  for  every  133  inhabitants  one  mile  of 
railway  had  been  opened,  and  was  being  worked  by  the  State ;  but 
railway  extension  needs  to  be  pushed  wherever  practicable  fuither 
a6eld,  in  order  to  open  up  new  camp?!. 

The  capital  cost  per  head  of  population  amounted  to 
38/.  3^.  9td.,  whilst  the  tonnage  of  goods  carried  per  capita  came  to 
6"82  tons.  The  train  mileage  open  was  3,257,871  miles.  The 
working  expenses  per  cent,  of  revenue  amounted  to  70'9l.  The 
revenue  per  mile  worked,  came  to  791/. ;  the  working  expenses  per 
average  mile  amounted  to  561/.,  and  the  profit  per  mile,  to  230/. 
The  working  expenses  per  train  mile  came  to  ^Z'^&d.*  the  revenue 
per  train  mile  to  74-01^.,  and  the  profit  per  train  mile  to  21  'S'i4- 

The  railway  revenue  per  head  of  population  amounted  to 
5/.  igj.  %d.  ;  the  number  of  passengers  carried  was  5,872,200, 
representing  312,685/.  in  receipts.    The  tonnage  of  goods  carried 

*  In  South  Afiio,  Govcrnmetlt  tests  are  stated  lo  have  shown  that  the  consamption 
of  coal  on  the  Cape  railways  varies,  from  30  lb.  of  Welsh  coal,  and  38  lb.  of  Natal,  to 
64  lb.  or  Molteno  per  train  mile.  In  Octobei  1S99  the  railway  charges  pa  Ion  mile 
given  b;  Mr.  T.  H.  Leggett,  M.  Inst.  M.M.,  varied  from  1'34^.  for  nfmu/ goods  OD  the 
Cape  line,  to  Tyi.  on  the  Ndhtrlands  tine  to  the  Cape  and  Orange  Free  State.  For 
iHtirmaiiale  goads,  from  fjd.to  6-ISrf.,  and  tor  reugi  gM>ds  horn  I' 6d.lo  ySd,  'Gold 
Mining  in  the  Transvaal,'  by  J.  H.  Hammond,  M.Inst.  M.M.,  dUctmion,  Traiu.  Am, 
Inst.af  Mining  Bnpnteri,  February  1901, 
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was  1,148,252,  representing  582,315/.  in  receipts,  and  the  dividend  per 
100/.  of  loan-capital  which  the  profits  represented  was  4/.  i  \s.  od* 

There  are  two  passenger  classes  only,  with  a  maximum  of  six 
first  and  eight  second  class  seats  in  each  compartment  The  basis 
of  the  ordinary  fare  is  stated  to  be  2d.  per  mile  for  the  first,  and  \\d. 
per  mile  fo^  second  class  passengers,  outside  of  the  metropolitan  and 
suburban  area  ;  1 1 2  lb.  of  baggage  being  carried  free  per  first  class, 
and  84  lb.  per  second  class  passenger. 

Before  the  railway  was  opened  to  Coolgardie,  the  cost  of  trans- 
port  from  Fremanttc  amounted  to  about  100/.  a  ton  ;  f  and  by  the 
extension  of  the  line  from  Southern  Cross  through  Coolgardie  to 
Kalgoorlie,  the  whole  economic  aspect  of  gold-mining  became 
altered,  as  the  following  figures,  given  in  the  Financial  Times  of 
March  l,  1897,  will  serve  to  show. 

On  January  i,  1897,  the  section  of  the  railway  from  Southern 
Cross  being  finished  as  far  as  Kalgoorlie,  it  was  handed  over  by 
the  contractors  to  the  Government,  materially  lowering  the  cost  of 
freight  on  goods  to  both  places,  as  compared  with  the  rates  ruling 
immediately  before.  Thus,  the  charges  on  articles  scheduled  under 
Class  A,  as  it  is  called,  like  chaff,  fodder,  vegetables,  meal,  flour, 
slates,  etc.,  which  cost  previously  4/.  3^,  lod.  per  ton  to  deliver 
at  Coolgardie  from  Fremantle,  were  reduced  to  i/.  js.  id.  per  ton 
^ross  weight  of  2240  lb.,  or  40  cubic  feet) ;  a  saving  of  2/.  i&r.  yd. 
being  effected  on  every  ton  carried  to  Coolgardie  ;  and  4/.  os.  2d. 
on  Kalgoorlie  goods. 

The  B  class  of  goods,  which  included  mining  trucks,  buckets, 
pig-lead,  fencing-wire,  etc.,  were  reduced  from  4/.  gs.  lod.  per  ton 
to  il.  141.  4i/,  for  Coolgardie,  and  from  5/.  14s.  lod.  to  i/.  l6s.  ^. 
per  ton  for  Kalgoorlie. 

Goods  coming  under  first  class  rates,  which  included  tinned 
meats,  fruits,  fresh  meat,  dairy  produce,  oils]:  and  candles,  mining 

*  These  particaUrs  are  laken  from  an  inleiesting  article  on  '  The  Roilwayi  of  Western 
Australia  in  1S99,'  by  John  Davies,  General  Manager,  in  the  Handbook  of  Wattrn  Aus- 
tralia, Perth,  1901. 

t  In  18S9  it  cost  30/.  a  ton  to  deliver  goods  by  rail  and  ox  or  mulC'Waggon  from 
the  coast  to  Jobannesbarg  ;  S/.  being  for  railway  frdght  to  Kimbeiley,  some  300  miles 
distant,  and  the  balance  being  for  wa^on-transporl,  loading,  "  ofMoadine,"  and  agency 
charges.      The  Gold  Mints  of  thi  Rami,  p.  245. 

X  Viscolite,  Arctic,  Marine  No.  I,  Dark  marine.  Vacuum  marine.  Gas  engine  No.  1, 
600  W.  cylinder.  Extra  daik  lubricating,  Rochester  machine,  Cylinder,  Pea-nut, 
Imperial,  Colza  and  Castor,  in  four-ton  lots  at  owner's  risk;  in  smaller  lots  'second 
class'  at  Commissioner's  risk. 
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machinery,*  corrugated-iron,  nails,  etc,  that  previously  cost  5/.  ^s.  Zd. 
per  ton  to  carry  from  Fremantle  to  Coolgardie,  were  reduced  to 
2/.  141.  S"^'  per  ton  ;  a  saving  of  2/.  1 3^,  ^d.  to  Coolgardie,  and 
3/.  IS-T-  Zd-  per  ton  on  carriage  to  Kalgoorlie. 

Goods  coming  under  second  class  rates,  such  as  groceries,  hard- 
ware, clothing,  etc.,  the  rates  for  which  originally  amounted  to 
7/.  loj.  6d.  per  ton,  were  reduced  for  Coolgardie  to  4/,  ipj',  6d. ; 
and  from  8/.  15J.  (>d.  to  5/.  35.  ^,  delivered  at  Kalgoorlie.  Long 
timber  requiring  more  than  one  truck  (minimum  i  ton  per  waggon) 
was  subsequently  included  in  this  class.  Under  the  new  regulations 
issued  in  May  1902,  hardwood  timber  in  lengths  requiring  three  or 
more  waggons,  is  chained  by  measurement  or  actual  weight,  up  to 
25  miles  underclass  A,  over  25  miles  at  M  class  rate,  with  \s.  \\d. 
per  ton  added  ;  a  minimum  charge  being  made,  as  for  8  tons  for 
two  waggons,  and  2  tons  per  waggon  if  more  are  required. 

Imported  timber  is  charged  at  first  class  rates,  or,  if  carried  at 
owner's  risk,  at  B  class  rates  plus  50  per  cent 

Goods  coming  under  third  class  rates,  which  included  acids, 
spirits  and  glass-ware,  when  the  railway  was  first  opened  to  Cool- 
gardie and  Kalgoorlie,  were  reduced  from  9/.  12;.  to  7/.  dr.  ^. 
delivered  at  Coolgardie ;  the  reduction  to  Kalgoorlie  being  from 
10/,  \Js,  lod.  per  ton  to  7/.  \%s.  ^d 

The  original  rate  of  2/.  14s,  ^d.  per  ton  (2240  lb.)  fixed  on 
mining  machinery,  it  must  be  admitted,  does  not  appear  heavy, 
considering  the  distance  between  Fremantle  and  Coolgardie, 
363  miles,  when  compared  with  what  it  used  to  cost  in  South 
Africa  ;  as  the  gross  cost  of  landing  similar  goods  in  Johannesbui^ 
from  the  coastal  ports  in  1894-189S  wast  6^-  15^-  per  ton  from 
East  London,  and  9/.  y.  \d.  from  Cape  Town  ;  2/.  more  being 
charged  on  rough  goods.  In  the  one  case,  the  distance  to  Cape 
Town  by  rail  is,  however,  1013  miles,  whilst  from  East  London  it 

•  Mining  machinery  was  subaequenlly  carried  at  B  class  rales,  plus  50  per  cent,,  in 
full  truck-loads  of  5  and  10  Ions  pei  four  and  eight -wheeled  (mckE  respectively,  vide  Reg., 
Aptil  18,  1900.  Mining  cages,  trucks  and  buckets,  stone-breaking  and  quartz- crushing 
machinerj,  came  under  second  class  rales,  with  10  per  cent,  added,  unless  carried  at 
owner's  risk,  when  10  per  cent,  was  taken  off.  Hy  the  tariff  of  May  1902,  all  mining 
moch'nery,  unless  otherwise  specified,  if  packed,  was  carried  at  second  class  rates,  plus 
10  per  cent,  at  company's  risk  \  at  owner's  risk  at  second  class  rate  if  packed,  or  B  class 
rate  plu4  50  per  cent,  unpacked.  Copper  matte  was  carried  at  B  rates  and  conditions, 
subject  to  a  minimum  of  5  tons  per  waggon,  but  is  now  under  class  A,  at  owner's  risk. 
Bromide  of  cyanogen  was  reduced  from  third  to  first  class  rate,  Jar.uary  iS,  1901. 

t  Tkt  Geld  Mints  0/  the  Rand,  by  Dr.  F.  Hatch  and  J.  Cialmers,  p.  246. 
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is  666  miles,  and  though  the  opening  of  the  line  to  Delagoa  Bay 
(394  miles)  has  tended  to  reduce  rates,  freight  still  remains  one  of  the 
heaviest  items  in  Johannesburg  costs,  as  it  is  estimated  •  to  represent 
6  to  8  per  cent,  of  the  total  operating  expenses.  Seventy-five  items  of 
machinery  and  plant  shipped  vii  East  London,  showed  an  average 
railway  charge  in  i896of  nearly  37  per  cent,  of  their  home  cost ;  the 
highest  being  469 -5  per  cent,  in  the  case  of  Portland  cement ;  and 
the  percentage  of  importing  charges  on  home  cost  upon  these 
7S  items  was  r6J  per  cent.,  a  special  duty  of  3^.  per  100  lb.  being 
charged,  for  instance,  on  cement  by  the  Transvaal  Government. 

Were  it  not  that  the  policy  of  successive  Colonial  Governments 
seems  to  have  been  to  concentrate  trade  and  railway  business  as 
far  as  possible  on  Perth  and  Fremantie,  the  line  that  has  been  pro- 
posed from  Espirance  to  Coolgardie,  by  saving  some  200  miles 
of  unnecessary  distance,  ought  to  reduce  present  freight  costs  by 
nearly  50  per  cent.,  which  would  naturally  be  of  great  advantage 
to  mine  owners  and  people  living  on  the  Southern  gold-fields,t  and 
might  possibly  ultimately  lead  to  the  establishment  of  a  smelter 
at  Esp^rance,  where  it  oug^t  to  be  in  a  better  position  to  compete 
for  any  Kalgoorlie  ore  not  treated  upon  the  fields.  The  only  reason 
assigned  so  far  as  I  am  aware  for  the  non-construction  of  this  line 
has  been  want  of  funds,  but  one  would  think  the  money  might  have 
been  found  if  need  be  privately  without  great  difiiculty. 

On  June  i,  1898,  an  increase  of  43I  percent,  of  the  rate  pre- 
viously charged  for  the  conveyance  of  merchandise  on  the  Fre- 
raantle- Kalgoorlie  line,  coming  under  Class  I,  category  was  made, 
whilst  articles  previously  on  a  lower  rating,  were  transferred  to  this 
and  other  higher  classes  ;  %  the  lines  of  goods  affected  being  for  the 

•  Messrs.  Webb  and  Pope  Yeatmui,  Eng.  Afagaiine,  May  1898.  Mr,  G.  A.  Deuny, 
M.  Inst. M.M.,  calculates  under  the  head  of  general  expenditure,  lliat  malecials  and  stores 
represent  in  the  Rand  a  contribution  of  15  pet  cent,  of  the  total  operating  expenses  of 
the  mines.     Ditf  Lev/l  Mina  nf  the  Sand,  p.  151. 

t  In  this  connection  the  finding  of  the  Committee  of  the  Chamber  of  Mines  of 
Western  Australia  (presented  on  August  S,  1901),  a  report  of  whicli  is  given  in  llie 
Fittaniial  Times  of  September  9,  1901,  is  Of  interest 

X  Iq  the  Official  Tible  of  Rales  on  tbe  Western  Auitralian  Government  Raittvays 
(June  I,  1898),  the  cost  per  ton  (to  Kalgoorlie),  387  miles,  vas  given  as  follows  ;  A  class 
I/.  &i.  gJ.,  B  class  I/.  i6j.  S^.,  C  class  il.  iSi.  Ilrf.  ;  first  class  4/.  zj.  W,,  second  class 
5/.  jr.  8rf.,  third  class  7/.  \2t.  "jd.  In  May  1902  these  rates  -were  raised,  hoiicver,  about 
25  per  cent,  on  the  average,  viz.  ;  A  class  to  t/,  141.  yi,  ;  B  class  to  il,  51.  ^d-  ;  first 
class  to  5/.  or.  lod. ;  second  class  to  61.  lit.  $ii.  ;  third  class  to  8/.  y-  9^-  i  ^nd  M  class 
to  i/.  21.  lai,  Tbe  increase  on  tbe  carriage  of  local  timber  amounted  to  Su  per  cent. 
C  class  was  done  away  with  in  1899. 
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most  part  mining  requisites,  building-materials,  and  provisions,  a 
step  which  the  Government  Railway  Department  justified  *  on  the 
grounds  that  the  rates  on  the  gold-fietds  lines  having  been  ori^nally 
50  to  100  per  cent,  higher,  had  been  assimilated  with  rates  on  the 
coastal  railways,  in  the  expectation  of  a  large  back  traffic,  which 
had  not  been  realised  ;  and  since  the  assimilation  of  rates,  the  cost 
of  working  had  risen  from  47  to  80  per  cent  of  the  receipts. 
Consequently,  as  the  gold-fields  lines  were  more  expensive  to 
operate,  higher  chaises  were  necessary,  and  in  any  case  they  were 
lower  than  in  the  other  Colonies,  as  shown  by  comparative  tables. 

It  is  true,  as  Mr.  H.  C.  Hoover  has  pointed  out,  t  that  the  rail- 
ways, "like  the  mines,  are  run  under  severe  conditions,"  but  even 
under  the  late  (1899)  tarifT,  it  appears  that  freight  on  machinery 
(packed)  to  Kalgoorlie,  costs  5/.  141.  d^.  per  ton,  or  at  the  rate  of 
3  •  S3(/.  per  ton  mile. 

The  mines  being  distant  from  the  railways  are  very  scattered, 
and  goods  at  one  time  had  to  be  delivered  by  waggon  or  on  camels. } 
By  w^gon  the  cost  formerly  averaged  2s.  id.  per  ton-mile,  and  for 
such  goods  as  camels  can  carry,  somewhat  less  than  half  this 
amount,  say  $10  or  2/.  is,  Sd.  per  50  miles.§ 

Since  some  important  mines  are  as  much  as  200  to  300  miles  from 
the  railway,  these  freights  amounted  to  an  enormous  sum  annually, 
directly  and  indirectly  adding  from  10  to  20  per  cent,  to  the 
working  costs ;  in  fact,  Mr.  Hoover  said  ||  that  a  60-stamp  mill 
and  corresponding  mine  equipment,  would  cost  for  transportation 
100  miles  beyond  a  railway  terminus,  about. |75,ooo,  i.e.  l5,ooo/.f 
The  colony  must  therefore  ultimately  greatly  benefit  by  the  ex- 
tension of  railway  communication  internally  ;  in  fact  it  is  indispens- 
able to  its  prosperity,  from  a  mining  point  of  view. 

As  showing  that  the  Government  of  Western  Australia  is  not 
insensible  of  this,  it  is  to  be  noted  that  the  Menzies-Kookynie 
Railway  has  recently  been  completed  and  opened.  This  new 
district  is  reported  to  be  highly  auriferous,  which  no  doubt  led  to 
the  extension  of  the  line  from  Menzies  in  that  direction  ;  and  a 

*  Report,  West  Australian  Chamber  of  Mines,  Loadon,  1398. 

t  £ng.  and  Mining  yeurnal,  Dtcember  IJ,  1898. 

I  The  averftQe  load  of  a  camel  is  about  S46  lb.  in  Asia  Minor.  W.  F.  Wilkinson, 
M.  InsI,  M.M.,  Trans.  Ittst.  of  Afiiiing  and  Metallurgy,  vol.  iii.  p.  449. 

J  H.  C.  Hoover,  Mineral  Industry,  vol.  vi.  \  Op.  cil. 

^  Mr. J.  H.Hammond,  M.  Inst.  M.M,,eEtimateiltatgencrdlyspcakiDginlheRi\nd  ihe 
principal  machinery  will  be  found  to  cost  erected  two  and  a  half  limes  its  home  cos^   Of. tit. 
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new  find  which  appears  to  be  of  importance  has  recently  been 
made  in  the  neighbourhood,  at  Edjudina,  7  miles  to  the  west,  in 
granite  country. 

In  old  countries,  owing  to  the  continuous  growth  of  capital 
charges  without  a  corresponding  increase  in  train-mileage,  unneces- 
sary tariff  wars,  labour  difficulties  and  other  causes,  although  the 
working  expenses  and  rates  of  carriage  "  per  train-mile  may  be 
comparatively  low,  and  notwithstanding  large  gross  traffic  receipts, 
the  natural  tendency  appears  to  be  for  the  rate  of  interest  on 
railway  stocks  (other  than  debentures  and  preference  charges),  to 
gradually  decrease ;  as  generally  happens  with  undertakings  which 
can  borrow  money  cheaply,  and  the  senior  securities  of  which  are  con- 
sequently considered  to  be  gilt-edged  investments,  except  in  cases 
where  working  expenses  are  reduced  by  exceptionally  economical 
management.  Railway  lines  in  newer  countries  like  Western 
Australia,  are  less  affected  in  these  respects,  as  there  is  greater 
room  for  extension  of  system  and  expansion  of  traffic,  though  its 
growth  may  be  slower  ;  but  it  is  open  to  question,  whether  their 
construction  and  management  are  not  better  left  to  private  enter- 
prise than  undertaken  by  Government. 

The  railway  charge  on  ore  carried  in  waggons  which  had  been 
loaded  on  the  up  journey  was  fixed,  on  September  1,  1899,  at 
Jrf.  per  ton  per  mile,  if  conveyed  at  owners'  risk,  a  distance  of 
150  miles  and  upwards,  provided  the  value  of  the  ore  did  not 
exceed  2  oz.  per  ton ;  an  extra  charge  being  made  of  id.  per  ton  . 
per  mile  for  every  additional  ounce  up  to  g  oz.  If  over  5  oz,  but 
under  15  oz.  l\d.  extra,  and  if  above  15  oz.  ^i.  per  ton  per  mile 
was  added  for  every  additional  10  oz.  of  gold,  or  part  thereof.  If 
sent  at  company's  risk  20  per  cent,  was  added  to  these  rates  on  ore 
exceeding  2  oz.  in  value,  whilst  a  rebate  of  lOf,  per  ton  was  allowed 
on  ores  exceeding  2  oz.  per  ton  if  conveyed  a  distance  of  3CX)  miles 
or  more,  and  treated  within  the  Colony,  On  October  5,  1899,  these 
rates  were  modified  as  follows  :  on  5-ton  lots  of  ore  per  4-wheeled 
wagons  (loaded  on  the  outward  journe>-)  if  not  exceeding  2  oz.  of 
gold  per  ton,  \d.  per  ton  per  mile ;  exceeding  2  oz.  in  value,  for 
each  additional  ounce  or  part  of  an  ounce  -^(^d.  per  mile  added  to 
the  rate  for  ore  not  exceeding  2  oz.  of  gold  per  ton  ;  an  additional 

•  An  inlerettiiiK  compiiisoii  "f  Ibe  rale*  clian^  per  ton  (ler  mile  on  English, 
American,  French,  Gerninn,  Beltjittn,  Dutch  and  .African  Railways  fur  goods  ofdiHerent 
cla«M»  is  gi»eo  by  G.  A.  Denny.  M.Inst  M.M„  Tht  Dap  UuH  Mints  of  Ike  Ranii. 
Pl>-  "S3-ISS- 
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charge  being  levied  of  51.  per  ton  on  ores  not  exceeding  in  value 
10  oz.  of  gold  per  ton,  if  exported ;  and  ictf.  per  ton  if  exceeding 
10  oz.  in  value. 

The  rates  were  altered  on  April  i,  1901,  so  that  all  ores  and 
concentrates  consigned  to  Fremantle  up  to  10  oz.  per  ton  in  value 
in  lots  of  5  tons  or  more,  were  it  appears  carried  at  the  J*/,  rate,  an 
2'<tra  \d.  per  ton  per  mile  being  chained  for  each  additional  10  oz. 
or  part  thereof,  an  alteration  which  was  doubtless  to  the  advant^e 
of  Colonial  smelters  ;  the  necessity  of  importing  fluxes,  not  to  speak 
of  fuel,  making  smelting  in  the  Colony  necessarily  expensive.  In 
May  1902,"  the  previously  existing  rates  were  again  increased,  on 
ore  carried  150  miles  and  upwards,  to  8j.  4^.  (M  rate)  for  the  first 
100  miles,  and  ^d.  per  ton  beyond  that  distance,  on  ore  not  exceed- 
ing 2  oz.  in  value.t  in  lots  of  not  less  than  5  tons  per  waggon,  if 
carried  at  owner's  risk  in  waggons  loaded  with  goods  on  the  up 
journey.  On  ore  exceeding  2  oz.  per  ton,  for  each  additional  ounce 
or  part  of  an  ounce,  ^^d.  per  ton  per  mile  is  added  to  the  above  rate  ; 
special  rates  being  charged  under  special  conditions.  Ironstone 
(flux)  conveyed  from  Clack  line  to  Owen's  Anchorage  for  5J.  per  ton. 
minimum  5  tons. 

The  trucks  (iron)  originally  used  for  the  conveyance  of  ore  were 
designed  to  also  serve  as  tanks,  so  that  they  were  able  to  carry 
back  water  on  the  return  journey  from  the  coast. 

Steamer  freights,  by  coast  steamer,  were  given  by  Mr,  G.  J.  Ban- 
croft in  1898  as  $1*75  (js.  ^d.)  to  Port  Pirie,  and  $3  (I2j-.  6d.)  per 
ton  of  2240  lb.  to  Dry  Creek,  exclusive  of  wharfage  (50  cents), 
agency  chaises,  and  insurance  ;  whilst  freight  from  Fremantle  to 
Adelaide  (for  Dry  Creek)  may  now  be  reckoned,  I  believe,  at  ifo.  4//. 
to  iys.(>d.  per  ton. 

Ocean  freights  on  machinery  from  l-ondoii  to  Fremantle  (about 
!O,2O0  miles  J),  I  am  informed,  cost  2/,  Jj.  (weight)  or  2/.  los. 
(measurement)  per  ton,  plus  i  o  per  cent,  primage,  in  1 899.     Whilst 

■  By  »  nolicc  in  Ihe  Cmiiriimtnt  Gatetit,  these  rates  were  again  revised  in  .-^ugusl  1902 
at  follows.  Ores  not  exceeding  in  value  3  oz.  of  gold  pei  Ion,  loaded  in  wiggotu  which 
have  been  loaded  on  the  outward  jootney,  Jrf.  per  ton  per  mile  :  minimum  S  tons  per  four- 
wheel  waggon.  Dies  and  concentrates  (conaigneU  to  Fremantle  Smelling  Works)  not 
eiceeding  in  value  10  oz.  of  gold  pei  ton,  loaded  in  waggons  which  have  been  loaded 
in  tbe  outward  journey,  \^.  per  ton  per  mile  :  minimum  5  Ions  per  four-wheeled  waggon. 

t  If  consigned  to  the  Fremantle  Smelting  Wotki  the  some  rale  was  to  be  Ehar^ed  np 
to  lo  01.  of  gold  per  ton, 

\  The  (Utlance  from  'filbur;  lo  Fremantle  is  10,308  miles,  and  from  PEj-mouth  to 
Freemanlle  9914  mile;. 
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freight  from  New  York  may  be  reckoned  to  have  cost  from  i/.  ys.  6ti. 
to  2/.  2s,  in  1898-1899,  but  subsequently  rose  to  2/.  12s.  6d.' 

The  existing  position  of  affairs  in  regard  to  ocean  freights  was 
very  fully  dealt  with  by  the  Melbourne  correspondent  of  T/tt 
Financial  Times  in  a  letter  dated  September  23,  1901,  in  an  article 
entitled  "  Shipping  Rings  and  British  Trade  "  from  which  it  appears 
that  the  Suevic  (12,500  tons),  sailing  from  New  York  to  Australian 
ports  via  Liverpool,  carried  cargo  to  Adelaide  wharf  at  27J.  6d. 
net  prepaid,  general  measurement,  and  Melbourne  and  Sydney  at 
2SJ.  net  prepaid  freight;  a  New  York  commission  house  stating 
that  they  might  be  able  to  secure  the  25J.  rate  to  Adelaide  for 
sufficiently  large  consignments,  and  for  close-weight  cai^o  a  reduc- 
tion of  $s.  per  ton  on  the  above  charges.  Consequently  it  would 
seem  that  cai^o  could  be  carried  from  New  York  to  Australia  for 
20s.  a  ton,  and  general  cargo  could  be  booked  to  Melbourne  for 
22^.  6d.  per  ton  ;  although  the  rates  for  general  cargo  per  the 
same  line  from  Liverpool  are  stated  to  have  been  quoted  in 
Melbourne  at  the  same  date)  at  45^.  to  sew.  This  rate-cutting 
on  ocean  freights  is  probably  one  reason  why  (as  statistics  indicate) 
British  trade  is  said  to  have  grown  to  the  extent  of  260  per  cent 
with  foreign  countries  between  1881  and  1899,  whilst  it  had  only 
increased  by  26  per  cent  with  British  possessions. 

In  the  matter  of  steamship  rates,  owing  to  shorter  distance. 
South  Africa,  in  its  earlier  days,  appears  to  have  possessed  some 
advantage  over  Australia,  as  it  is  stated  t  that  freights  from  England 
to  Cape  Town  in  1894-189S  by  the  Castle  and  Union  intermediate 
boats  cost  32f.  6:^,  per  ton,  or  to  East  London  and  Natal  40^,  for 
machinery  in  pieces  under  2  tons.  The  chaise  by  mail  steamers 
was,  however,  u,  ^d.  a  ton  more  all  round  ;  and  increased  rates 
were  charged  on  cases  weighing  over  40  cwt;  machinery  freights 
from  New  York  varied  from  y>s.  to  150^.  per  ton,  increased  rates 
being  chained  for  cases  weighing  over  30  cwt  The  bulk  of  the 
goods  were  however  landed  at  a  cost  of  from  401.  to  soj.  per  ton.} 

*  The  rate*  in  190Z  were,  I  nm  informed,  suUtuttiall;  the  same  from  London,  and 
421.  &/.  to  57^.  61/.  per  Ion,  pins  10  per  cent,  primage,  Irom  New  York. 

t  Ttt  Gold  Mina  of  the  Rmid.     Of.  cit.  p.  246. 

X  G.  A.  Dennf,  M.  Inst.  M.M.,  gives  tome  interesling  tables,  wtiicll  show  the  cost 
of  freight  recently  ralinjj,  b;  different  lines  lo  Soalh  Afiici,  for  different  classes  of 
goods.  If  not  exceeding  two  tons  in  weight,  the  cost  from  New  York  direct  lo  Cape 
Town  was  371'.  fid.,  or  to  Kait  London  or  Port  XMal  401. ;  rising  with  increa»  of  weight 
up  to  971'.  (td.  per  ion  to  Cape  ToAn,  and  lo;^.  per  ton  to  East  London  -,  10  per  cent. 
primage  being  charged,  which  is  returnable  as  a  rebate.     From  I.ondon,  Liverpool,  or 


„  Google 


452  Gold  Mining  and  Milling^ 

Western  Australia  has  not,  therefore,  really  been  so  badly  off  in 
the  matter  of  ocean  carriage. 

The  Port  of  Fremantic,  which  is  within  I2  miles  of  Perth,  with 
the  improvements  that  have  been  made  in  it,  provides  a  safe 
anchorage  for  the  largest  steamers,  and  now  forms  a  port  of  call 
for  the  mail-boats.  For  870  feet  there  was  wharf  accommodation 
with  a  depth  of  30  feet  of  water,  which  was  intended  to  be  the 
average  depth  throughout  the  whole  length  of  the  wharf  (4980 
feet)  along  the  south  side  of  the  inner  basin,  alongside  the  present 
railway-station  yard. 

The  new  harbour  works  constructed  (since  1891)  involved 
extensive  blasting  and  dredging  operations. ' 

About  54  acres  had  to  be  blasted  out,  and  for  this  puriwse 
trestle  stages  were  erected,  and  from  these  stages  holes  3  inches  in 
diameter  and  10  feet  apart,  were  drilled  in  the  rock  to  a  depth  of 
33  feet  below  low-  water. 

As  each  hole  was  completed,  it  was  charged  by  means  of  a 
water-tight  tin  tube  reaching  from  the  bottom  of  the  drilled  hole  to 
above  sea-level  with  gelignite  and  dynamite,  and  each  row  of  holes 
so  chained,  was  exploded  by  means  of  time-fuses. 

Owing  to  the  proximity  of  the  town  of  Fremantle,  not  more 
than  50  lb.  of  dynamite  could  be  fired  at  one  time,  which  rather 
impeded  the  pr<^ress  of  the  work. 

Before  each  row  of  shots  was  6red,  the  trestles  were  removed 
to  the  unblasted  portion. 

i>'53>635  cubic  yards  have  been  blasted  in  this  manner,  at  an 
average  cost  of  34*031/.  per  cubic  yard.  In  addition  to  this,  however, 
247,058  cubic  yards  of  rock  were  removed  without  blasting,  which 
brings  down  the  average  for  drilling  and  blasting,  to  2%'O^d.  per 
cubic  yard  of  rock  subsequently  dredged. 

GInjgow,  freiehlE  to  East  London  (on  pRckagea  of  under  3  tons)  varied  from  511.  yi,  to 
551.  on  machinery,  boilers,  «tc. ;  they  ran  from  3S1.  9^.  to  4IJ.  31/.  for  truck;,  pipiD^, 
etc.;  32^.61/.  being  chafed  on  nils,  earthen  pipes,  etc.  ;  and  301.  pec  ton  on  bar-iron  and 
-steel,  cement,  etc.  The  corresponding  chni^e*  un  different  goods  to  Algna  Kay,  Tort 
Elizabeth,  were  t,ts.  dd.  to  *,^I.  fid.  ;  31J,  yi.  to  33J.  9^. ;  a5j.  ;  and  m.  6J. 

Sea  freight  from  New  York  to  London  may  be  reckoned  at  i3t.  &/.  per  ton,  and 
through  freight  from  Chicago  to  London  on  heavy  goods  (railway  1000  miles;  sea 
distance  about  3300  miles)  about  41V.  61^.  per  ton  of  M40  lb.  TAe  Dirp  Leiil  Miint  oj'lht 
Hand,  pp.  i5«-'53- 

•  The  following  paiticutars  art  condensed  from  a  description  of  the  vorks  given 
by  Mr.  C.  Y.  O'Connor,  C.M.G ,  Engineer-in-Chief,  in  the  Handbook  0/  mtl.T>i 
Aiitlralia,  1 901. 
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Rock-Dredging. —  This  was  done  with  bucket-ladder  dredges, 
two  being  used,  which  were  kept  continuously  at  work  by  night  and 
daj',  for  6  days  per  week,  for  the  previous  3  years. 

The  total  amount  of  rock  dredged  to  the  31st  December,  iSgg, 
was  1400,693  cubic  yards,  including  the  247,058  cubic  yards  of  soft 
rock  already  mentioned. 

Adding  the  cost  of  dredging,  which  averaged  for  rock- 
dredging  \s.  2d.  per  cubic  yard,  to  the  expenditure  incurred  in 
drilling  and  blasting,  gives  a  total  (approximate)  of  jr.  6d.  per  cubic 
yard  as  the  average  cost  of  removing  the  rock.  This  includos  the 
cost  of  explosives  and  all  materials  used. 

Sand  and  Clay-Dredging. — Inside  the  rock  bar,  the  material  met 
with  in  the  inner  basin  (which  wilt  have  an  area  when  completed 
of  109  acres)  consisted  chiefly  of  sand  and  clay,  with  a  consider- 
able amount  of  sea-weed  in  places.  Two  suction  dredges  were 
employed  removing  this;  and  243,119  cubic  yards  of  sand  were 
pumped  ashore,  thus  reclaiming  54  acres  of  land  on  the  south  side 
of  the  river ;  whilst  the  balance  of  the  material  removed  to  date, 
amounting  to  (approximate)  3,500,000  cubic  yards,  was  carried  to 
sea,  a  distance  of  2^  miles  ;  total  journey  5  miles. 

About  2,500,000  yards  of  sand,  clay  and  sea-weed  remained  to 
be  dredged.  The  cost  of  this  work  in  the  inner  basin  (including 
pumping  some  of  it  into  the  ground  reclaimed)  it  is  stated,  in  the 
article  I  have  quoted,  amounted  on  the  average  to  about  yd.  per 
cubic  yard.  It  was  anticipated,  however,  that  what  remained  would 
be  done  cheaper. 

Cost  of  Supplies. — Most  mining  requisites  now  have  to  pay  a 
heavy  duty ;  and  although  formerly  it  was  not  a  high  one,  the 
cost  of  transportation  brought  the  price  of  stores  up  to  a  high 
figure  ;  and  mine  managers  not  long  ago  complained,  that  no  firm 
of  merchants  stocked  mining  requisites,  in  sufficiently  large  quan- 
tity ;  consequently,  if  this  "  sample-room  "  style  of  business  was 
not  abandoned,  it  would  become  necessary  for  the  larger  mines  to 
build  depots  of  their  own,*  and  keep  large  stocks  of  miscellaneous 
supplies  on  hand  ;  since  weeks  and  months  often  elapsed,  before 
orders  of  the  commonest  kind  could  be  executed. 

Mr.  H.  C.  Hoover!  gave  the  following  table,  showing  the  cost 

•  The  correspondent  of  Ihe  Financial  Tima,  in  >  lelter  dated  July  a6,  1901,  stales 
thai  Messes.  Bewick,  Moreing  and  Co.  have  decided  to  establish  Co-operaiive  Stoies  at 
Fremantle.  1  E'lg.  ajid  Mittitig  Journal,  December  17,  1898. 
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of  ordinary  supplies  at  Kalgooriie  in  June  1898,  compared  with 
prices  on  the  Witwatersrand  at  the  end  of  June  1897. 


CeineDt    .         .         .         . 
Galvuiised  iron,  pet  sq.  ft. 
Candles,  per  25  lb.  box 
Dynamile,  per  case   ■ 
Blasting  gelatine,  per  case . 
Detonators,  per  box  of  100 
Fuse,  per  coil  , 
Shoveb,  each   . 
Hammecs,  per  Ih. 
Diill  ateel,  per  lb.      . 
Rails,  per  ton   . 
.  Bar  iroD,  per  lb. 
Quicksilver,  per  flask 


4S*6o 


41-40 


Between  1898  and  1901 1  the  price  of  sundry  mine  supplier 
delivered  at  the  mines  around  the  Boulder  Township  might  be 
reckoned,  I  believe,  on  the  average,  at  about  the  figures  given  in 
the  first  column  of  the  following  table  ;  whilst  those  in  the  second 
column,  are  furnished  to  me  from  a  most  reliable  source,  as  ahout 
the  average  local  prices  at  Fremantle  in  the  early  part  of  1902. 

Exphii 


£  '.  rf. 


DToamile,  per  case 

3     '     6 

perense 

3    1     6 

Blasting  gelatine,  per  case 

Gelatine  dynamite      „ 

3  16    6 

Fuse,  per  too  coili 

per  doi. 

Detonators,  pet  looo   .        ^111 

J  to  I  13    4 

per  1000 

Candles,  per  2  5 -lb.  boK 

0  13    3 

/■  ,.  d. 


*  .\t  Kimberley  I  believe  dfiumite  only  cost  yn.  per  case  in  1900,  inclu^vc  of  tlic 
Cape  GovernmeDt  dntv  of  \it.6d.  per  iose.— Statist,  June  30,  190a.  In  December 
1901,  piicei  at  Joharresburg  were  ftied  as  follows  1  blasting  gelatine,  (7^.  (>d.  ;  gela- 
tine, sec.;  dynamite  No.  l\,  60s.  ;  dynamite  No.  i,  501- ;  dynamite  No.  3,  i$s, — 
FitiaHiial  Timts,  July  I,  190Z  ;  and  it  is  slated  tbal  tiie  British  South  Afiican  EiploHves 
Co.  have  recently  oHered  to  supply  gelatine  at  551.  per  case,  and  gelignite  at  \y. 

t  III  1S95  dynamile  lam  infomied  cost  5/,  percase;  detonators  5^.  (>d,  jwr  100;  fuse, 
\s.  vd.  per  coil ;  candles,  l/.  per  ib. 
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Jairnh  (hardwood),  per  too  sup  ft, 
T.  and  G.  pbe  (6"  X  J"),  per  loo 

running  leet    . 
Oregon  pine,  per  loosup.  fl, 
Galnuiited  iron  (coir.),  per  t 
Cosl  {X.S.W.),  F=r  toe 

,,    (Collie),  per  ion  . 
Fiieviood,  per  ton 


Charcoal,  pet  sii^ 

Niili  [3-inch  wire),  pi 
Mercury,  per  bonle 
Cyanide,  per  lb. 


Timhtr,  n 


3  18 
9  H 


I  plain,  per  Ion 


6  (Coolgardic)  per  ton  7  I 


Hi 


From  a  recent  monthly  Report  of  the  Chamber  of  Mines  of 
Western  Australia  it  appears  that  as  the  result  of  endeavours  to  get 
the  price  of  explosives  reduced,  a  reduction  of  16  per  cent  had  been 
obtained  on  blasting  gelatine,  1 5  per  cent,  on  gelatine  dynamite  and 
10  per  cent,  on  gelignite.  Blasting  gelatine  has  hitherto,  I  am  in- 
formed, been  found  as  a  rule  the  most  economical  to  use  in  the 
Kalgoorlie  mines,  in  spite  of  its  high  cost.  Western  Australia 
consumes  4000  cases  of  explosives  per  month  ;  South  Africa  about 
40,000. — Financiat  Times,  August  6,  1902. 


White  labour 2,400,0c 

K»ffir      „ 2,ocw,oc 

Explosives  (dynamite  and  gelatine)  600,0c 

Minir^  timber  and  sawn  timber    ....  300,0c 

Cyanide 240, oc 

Meat,  mealies  and  mealie  meal  (being  for  most  pjrii 

food  for  Kaffirs) j  'S°'<x 

Iron 85,0c 

Candies  and  paraffin 95>oc 

Tools          ........  70, oe 

Steel 65,00 

Mercury,  zinc  and  ottker  chemicals  4S>oc 

Caps,  fuse,  ropes,  cement,  etc 150,00 
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The  working  costs  on  the  Rand  have  been  collected,  classified 
and  tabulated  in  a  number  of  instances,  and  the  preceding  table 
prepared  by  State  Mining  Engineer  Klimke,  shows  the  percentage 
of  the  different  items  which  constituted  the  working  costs  of  all  the 
mines  on  the  Rand  in  1895,  excerpt  from  the  article  by  Messrs. 
Webb  and  Pope  Yeatman  *  previously  referred  to. 

Mr,  Hennen  Jennings,  M.  Inst  M.M,,  in  his  evidence  before  the 
Industrial  Commission,  gave  the  following  analysis  of  the  working 
expenditure  of  six  prominent  companies  in  1896,  which  enables  an 
excellent  idea  to  be  formed  of  the  relative  importance  of  different 
items  in  the  mining  costs. 


'White  labour  (ulaxiei,  etc.)  ,         .         ,         , 

Native  labour      ..,.,,, 

„      food 

toal 

Dynanite 

I'lue  and  delonatora 

Zinc 

Mining  timber     ....... 

Timber  (deal*,  etc.) 

Steel 

Oil,  gmse  iTuI  piTsfiin 

Candlei ! 

Kop«f  (ueel  and  mrniik) 

Electric  spares 

Mill  spares  (shoes,  dies,  cams,  cam-iliafCs,   siems,  ! 

mortar- boxes,  screens,  etc.) 

Tniclis,  wheels,  and  raili 

Sundry  stores  (bar-iron,  boltsand  nuts,  pipes  and  pipe-  : 

Atlings,  buildings,  mnchin»y,  assay  cfaenicals,  etc) 
General  choTEcs  (insurance,  licences,  rent,  printing! 

and  advertising,  etc.)         ...../ 


7-78 

3018 

9-6J 

nn 

ai4 

414 

4-35 

8-:m 

0-I3 

9-92 

I  97 

0-57 

8-13 

2-36 

373 
4'S 
0-93 


aS    7-90 


In  the  same  evidence  the  average  costs  of  twenty-nine  companies 
were  given  as  being  1  %s.  ^d.  per  ton  milled,  for  mining  and  4^.  3  •  5</. 
for  mine  development  and  redemption  ;  the  total  average  working 
cost  per  ton  being  put  at  27s.  ^. ;  25J.  being  probably  about  the 
average  before  the  war, 

•  '  Milling  tlie  Gold  tires  uf  ihe  Wilwatersrand,'  EiigiHtering  Afag^f^,  Maj  1898. 
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The  costs  in  some  cases  Messrs.  Webb  and  Pope  Yeatmaii  state 
were,  however,  lower  than  this ;  for  example,  in  1897,  at — 
I.  J. 
The  Simmer  and  Jade  .         ...     3a    6-67  perlon 
The  Geldenhuis  Deep  .  .     ai     359      „ 

The  Meyer  and  Charllon        ...     18  1165      „ 

Costs  just  before  the  war  probabl)'  averaged  about  25^-. 

An  article  on  this  subject,  entitled  '  Rand  Economies,'  appeared 
in  the  Statist  of  June  30,  1900;  and  Mr,  T.  H.  Lcggett  in  igoi 
gave  the  following  analysis  of  cost  for  several  years  preceding  the 
war,  in  a  tabulated  form,  presented  in  the  accompanying  footnote* 
compiled  from  the  State  Mining  Engineer's  Reports. 

Mr.  G,  A.  Denny  recently  estimated,!  that  when  the  war  was 
over  and  ocean  freight  and  railway  rates  were  reduced,  more  in 
keeping  with  those  obtaining  elsewhere,  that  mine  costs  would  be 
somewhat  less  than  they  were  formerly,  and  he  anticipated  a  re- 
duction -somewhat  as  follows  : — 


In  salaries  and  while  wages    .... 

In  native  wages    ...... 

In  mateiials  and  stoics  (olher  than  exptoBivm) . 
In  dTnamite  and  explosives  generally 


Labour. 

As  might  naturally  be  expected,  in  a  new  mining  camp,  where 
"  all  sorts  and  conditions  of  men  "  are  drawn  together,  and  induced, 
either  by  an  attack  of  "  gold-fever,"  or  to  obtain  the  necessaries  of 
life,  to  take  to  the  hammer  and  drill  (tools  as  unfamiliar  to  some  of 
them  as  a  sewing  machine  is  to  a  sailor),  a  great  deal  of  the  labour 
available  at  first  was  incapable  of  fulfilling  the  duties  it  was  called 
upon  to  perform ;  but  willingness  to  learn,  coupled  with  the  ex- 
perience thus  purchased,  and  skilled  miners  coming  to  the  fields 
from  the  Eastern  Colonies  and  elsewhere  in  search  of  employment, 
have  largely  altered  this  state  of  affairs,  although  probably,  taken 
as  a  whole,  it  may  still  be  capable  of  improvement. 

•  White  laiiour  ji'ia  percent,  ;  Native  labour  (including  food)  1983;  explosiven 
(ilynamile,  csps,  (use)  9  70  pei  cent. ;  coal  g^o^ ;  chemicals  (cyanide,  etc.)  3'33  ;  tools 
steel,  shoes,  dies,  etc.  yi^;  mining  timber  and  lumber  4*05  ;  candles  and  lighting  I  '38  ; 
sundries  8'34  per  cent.  =  loo  per  cent. — Gelil  Miiiins  in  the  Tranrfaal,  by  J  11. 
Hammond,  discussion,  ofi.  eit.  p.  1039. 

t   The  Deep  Lr.tl  Mines  of  the  Rand,  by  G,  A.  Denny,  p.  163. 
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As  pointed  out  b)'  Mr.  G.  J.  Bancroft,  the  climate  has  an  enervat- 
ing effect  on  men  not  habituated  to  it,  or  who  are  physically  unfitted 
to  stand  hard  work  in  the  tropical  heat,  and  there  is  a  certain  class 
of  "  incurables,"  to  whom  idleness  becomes  a  second  nature,  when 
they  have  been  employed  in  merely  "  shepherding  "  a  mining-lease 
to  fulfil  the  necessary  labour  conditions  ;  whilst  every  man  who  has 
done  a  little  "dry-blowing"  and  fossicking  calls  himself  a  miner. 
He  can  scarcely,  however,  be  considered  repiesentative  of  the  class 
he  claims  to  belong  to,  and  I  have  met  with  a  large  number  of  as 
good  miners  in  Australia  as  I  have  found  in  any  part  of  the  world. 

The  foregoing  facts  doubtless,  however,  explain,  the  statement 
made  by  such  a  competent  judge  as  Mr.  Hoover,  in  1898,  that  in 
Western  Australia,  "  a  careful  comparative  record  shows  that,  they 
accomplish  about  two-thirds  the  amount  of  work  of  a  Californian 
miner,  and  only  about  40  per  cent,  more  than  the  Kaffirs  of  the 
Rand,"  He  added,  however,  that  the  labour  has  greatly  improved 
during  the  last  two  years,  and  there  is  reason  to  hope  for  further 
improvement. 

In  the  above  connection,  the  table  opposite  is  of  interest  It 
may  be  remarked  that  in  forming  an  estimate  of  the  cost  of  mining 
in  South  Africa,  as  compared  with  Western  Australia,  the  scale  of 
pay,  in  relation  to  the  work  done,  explains  the  larger  proportion  of 
the  total  expense  that  labour  represents  in  Western  Australia ;  as  it 
must  be  borne  in  mind,  that  the  scale  of  native  w^es  on  the  Rand, 
which  came  into  force  on  June  i,  1897,  ranged  from  \s.  2d.  to2J.  6*/. 
per  shift  of  six  "  to  nine  hours  underground  ;  u.  ^.  to  2j.  6rf.  on 
surface,  and  in  the  mills  ;  \s.  ^.  to  u.  9^.  in  cyanide  works  ;  and 
IS.  2d.  to  2s.  6d.  for  general  employment.  In  addition  to  which, 
however,  the  Kaffir  is  usually  supplied  with  "  quarters  "  and  food 
(2  lb.  t  of  mcalie-meal  per  diem,  and  2  lb.  of  meat  per  week) 
which  latter  items  represented  about  one-fourth  of  his  wages  (cal- 
culated at  an  average  of  49.^,  9^.),  say  1 2s.  6d.  a  month  additional,  or 
approximately  4  per  cent,  of  the  total  working  cost.  The  average 
rate  of  pay  to  Kaffirs,  in  the  year  preceding  the  war,  was,  I  believe, 

•  A  "htniTner  bojr"  is  eipected  to  drill  a  hole  3  feet  deep  (which  he  can  do  ia  ax 
bouts),  and  can  (hen  quit  vioA.—Tie  fVihiMltrsraml  GbM  Fitlds,  by  S,  J.  TrmcutE, 
A.R.S.M.  It  appears  from  a  recent  trial,  that  a  first  class  "boy  "  can  drill  two  3-fect 
hold  1113  his.  55  miD. ;  but  the  average  lime  pci  hole  appears  to  beabont  3hrs.  25  min.i 
and  it  is  expected  that  oudcr  normal  conditions  o«  ceHirad,  6  his.  will  suffice  to  drill  two 
3-feet  holes. — Financial  T^mts,  Sept.  19,  1901. 

t  H.  H.  Webb,  M.  Inst.  M.M.  and  Pope  Yeatmsn,  M.  Inst.  M.M.  n/-  "'■  i  it  "«• 
fomierlj  1  believe  2)  Ih. 
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SHOWING  AvBRAiiKS  OF  Gold  Ore  ra 
:ed  thsrefrom,  per  mas  emplovko 
I  State,  during  1900  and  1901.* 


Per  nun  emcjoycd 
smplDyvd     above 


I.  Kimberley 
z.  Filbaira   .     . 

3.  West  Filbnna 

4.  AnhburtOD 

5.  Gascoyne 

6.  PeakHiU      . 

7.  East  Murcbiiion 

8.  MuichUon 

9.  Volgoo     . 
ta  Ml.  Margaret 
II.  North  Coolgardic 
la.  Broad  Arrow 

13.  Norlh-Eut  CodI- 

14.  Eatt  Coolgardie 

15.  Coolgardie     . 

16.  VUgam    .      . 

17.  Dnndas    . 

18.  Phillips  RWer 

19.  Donnybrook  . 
Total  averages 


14650  8371  6000  34-28  6166'  30-83  44"35  "''7 
'iai-o6'  s5-6»  294-11  13513  4a97|»6"28  70"94  4r39 
\    3405'  '3'09      *9"8o|  ii'46      2400;     9-60      47*S     '890 


72-561  4591  I  118  51  I  74-99 

|I37-8j|  65-20  iS4''8|  72-94 

1128-03!  ^7-17  i'34'8a|  70-74 

113-83!  6900  7162    4342 

137-49  I  7'  75  '49-49:  7802 

111-05  I  6o'oS  ii9'05|  69-82 

204-71 1113-76  I4"2i|  7847 

138-931    82-J2  98-271    58-16 

178-87     83-30  266-gg    124-28 

139-50     75-96  10^-31:    57-34 

217-62    109-46  121-98     5866 

153*I7!  93-'8  "775    77-7* 

8-37 1    4-50  io'53      S-66 

149-97'  76-99  '7"  31    87-95 


140-501  69'44 

195-88,  98-85 

144-40    73-14 

149-06 [  75-82 

i96-48|ii5-98 

111-85    61-76 

200-631109-39 

113-251  69-12 

A 
242-76-109-90 

159-89    91-49 

217-451  9o-a3 

'3»-3i.  77-36 

5-20     3-«> 

1-05'    0-59 

182-35    93-87 


118-45 j  58-54 
174-961  88-30 
184-08  93-23 
'04-79!  S3:30 

149-97!  8853 
151-91 1 83-S9 

149-26  81-38 
107-96  65-90 

345-97:156-63 

107-43  6' -47 

217-74  90-35 
125- 10  73- IS 

610    3-76 

ooS  0-05 
209-89  .108-04 


It  will  be  seen  from  the  above  Table  that  the  number  of  Ions  of  gold  ore  raised  and 
the  number  of  ounce*  of  gold  produced  per  man  employeil  above  and  under  ground  is 
93-87  tons  and  108-04  oz.  respectively,  as  against  76-99  tons  and  87-95  "''  >"  ■9'^- 
At  the  number  of  men  employed  in  the  mines  i»  practically  Ihe  same  as  for  liist  yeai,  it 
would  appear  that  better  work  is  being  done  l^the  miners,  and  that  moie  systematic 
metbods  of  mining  and  ore  reducing  are  practised. 


*  Excerpt  from  the  Report  (preliminary)  of  the  Department  of  Mines  for  the  yea 
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SOf.*  for  thirty  shifts,  exclusive  of  food.  It  has  recently  been  pro- 
posed by  the  Chamber  of  Mines  and  Mine  Managers'  Association 
to  pay  the  natives  by  "  piece-work  " ;  paying  a  standard  wage  of 
3SJ,  per  month,  for  which  they  would  be  called  upon  to  drill  one 
3-feet  hole  per  diem. 

For  drilling  two  holes,  the  payment  to  be  "jos.  per  month,  or  for 
one-and-a-half  holes  (4  ft.  6  in.)  52*.  6d.  The  effect  is  said  to  have 
been  satisfactorj-  and  to  have  resulted  in  an  increase  of  efficiency. 

The  attempt  made  to  reduce  the  average  rate  of  wages  of 
"  boys  "  on  day-pay  to  39^,  81/.,  seems,  however,  to  have  proved  a 
failure,  owing  to  the  scarcity  of  labour  (resulting  from  the  want  of 
any  incentive,  or  unwillingness  of  the  Kaffir  to  work,  so  long  as  he  can 
live  in  idleness),  and  the  following  new  regulations  have,  I  under- 
stand, now  been  adopted  by  the  Chamber  of  Mines.  (l)  The  rates 
fixed  for  natives  on  day-pay  to  be  those  of  the  Schedule  of  Oct.  25. 
1900,  viz.  picaninnies  15J.,  adults,  minimum  30J.,  maximum  35J.  for 
thirty  shifts  ;  7i  per  cent,  of  the  natives  employed  can  be  paid  45^.  for 
thirty  shifts  as  a  maximum,  and  5  per  cent,  can  be  paid  any  rate. 

(2)  Piece  and  task  work  may  be  extended  at  the  discretion  of 
the  managers. 

(3)  The  maximum  rate  of  pay  for  work  of  this  description  (per 
foot,  per  ton,  or  per  task)  to  be  based  on  the  work  done  on  day-pay 
and  the  existing  rates  in  force,  mentioned  in  par.  i. 

(4)  The  average  earnings  of  all  natives  upon  a  mine  not  to 
exceed  501.  per  thirty  shifts. 

The  following  may  be  given  as  examples  showing  how  costs  are 
distributed  in  Western  Australia  and  South  Africa,  since  magnitude 
of  output  does  not  affect  a  calculation  of  this  kind  to  the  same 
extent  as  it  does  cost  per  ton  :— 

Keforl  of  Iht  North  BoulJtrfor  18981  Andysis  of  cosis  by  the  Author, 

Pel  «ni- 

Labour  and  supervision     ......  71*99 

Fuel                          994 

Supplies,  explosives,  etc.            .....  833 

Wner     .                   4"a3 

Office  iiianat(enieDt  and  general  e^pense>    .         .         .  3'83 

Repairs .         .         .                   .                  .         •  I'll 

Tools -28 

Assaying,  etc.  .......  '  19 

•  In  the  earlier  days,  ( 1 S90)  the  average  pay  of  natives  seems  lo  have  been  as  high 
as  63J.  a  month  ;  and  the  keep  of  a  Kaffir  was  reckoned  at  8/.  to  loj.,  ot  say  one-sixth 
of  his  wages ;  (Hatch  and  Chalmers,  op.  eit.  p.  158,  and  S.  J.  Truscoit,  p.  456)  but  later 
on  felt  to  4li.  bd.  rising  again  10  6lj.  in  1894.  The  keep  of  a  Kafhr,  however,  at  the 
firainl  /imi  if  \hc  .\uthor  is  correctly  infotineii  amounls  to  nearly  three  limes  the  sums 
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Rtforl  ef  iht  CeaialiJalcd  Gohl  Fic/Jl  of  Siiu/A  Africa  ;  Anilj'sis  of  coits 
in  1S97,  by  John  Hays  Kammond. 

Salacics  to  employees  an<i  wages  lo  noikmen  31 '  H 

Wages  and  food  to  naiive* 37 -S3 

Ex^oiives  (including  fuse  and  (lelonalors)  .  lO'9i 

Fuel  (coal  and  firewood) 8-98 

Building  material 3 '79 

Ironware,  tools,  shoes,  etc.        .....  3'47 

Chemiols       ■  2 '55 

Lighting  (candles  and  (uuftiii)  .         ....  1*35 

Fodder 043 

Sundries 9'55 

Mr.  Hewttson  inrormed  the  author  that  the  distribution  of  labour 
at  the  Ivanhoe,  in  1899,  in  different  departments  was  as  follows  : — 

Underground  58  per  cent ;  treatment  including  rock-breaking 
and  repairs  25  per  cent. ;  general,  surface,  erection,  condensing,  etc, 
17  per  cent:  total  iod. 

Men  in  Western  Australia  work,  as  a  rule,  8-hour  shifts,  the 
effective  week  being  equal  to  about  43  hours,  viz.  7i  hours  on  5 
days,  and  54  hours  on  Saturdays,  half  an  hour  being  allowed  for 
■'  crib  "  (lunch)  out  of  the  8-hours  day  ;  but  a  British  Australasian 
telegram  of  September  9, 1902,  reported  that  the  leading  Kalgoorlie 
mines  have  notified  their  intention  to  enforce  the  award  of  the  Arbi- 
tration Court  (as  regards  surface  hands)  for  a  full  48  hours  weekly,* 

Pay  underground  varies  from  3/.  \Qs.  to  4/.  iCu.  per  week,  ivith 
water  free.  In  some  mines,  Italians  have  been  tried,  and  found 
to  accomplish,  it  is  said,t  excellent  work,  but  they  possess  certain 
disqualifications.  Coloured  labour  will  never  be  tolerated  in  the 
Australian  mines,  nor  does  it  appear  desirable  to  employ  such  in 
mines  when  they  can  be  run  at  a  fair  profit  and  afford  employment 
to  white  men,  except  in  countries  like  South  Africa,  where  there  is  a 
large  native  population  and  men  for  mining  work  and  skilled  miners 
are  scarce.  But  it  is  somewhat  difficult  to  understand  the  objection 
to  the  properly  regulated  limited  employment  of  coloured  people 
(excepting  Chinamen)  in  the  capacity  of  "  market -gardeners,"  and 
such  avocations  as  they  are  adapted  to,  which  are  unsuitable  for 
white  men,  or  in  which  the  remuneration  is  insufficient  to  attract 
the  latter  ;  when  for  instance,  as  in  other  Australian  Colonies,  they 
might  supply  the  white  population  with  garden  produce  and  such 
like,  which  many  people  living  on  the  gold-fields  would  probably 
be  thankful  to  get  in  greater  abundance  at  a  reasonable  price ;  but 
which  they  have  to  do  without. 

■  FiHanciat  Times,  Sept.  10.  1902. 

t  H.  C.  HoovtT,  Eti^.  ami  Mining  yeuriial.  December  17,  1898 
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Little  "single-hand"  work  is  done  undei^round,  not  because  it 
IS  not  desired,  but  because  many  men  are  unable  or  unwilling  to 
«ork  at  it ;  and  good  machine-men  were  formerly  very  hard  to  get. 

The  Mages  paid,  although  high,  do  not  much  exceed  those 
currently  earned  in  similar  industries  in  countries  like  the  United 
States  ;  indeed,  they  are  below  the  wage  which  white  men  can 
command  in  South  Africa,  From  the  official  report  compiled  by 
Mr.  Klimke,  the  State  Mining  Engineer,  it  appears  •  that  the  average 
ruling  rates  of  wages  at  Johannesbui^  in  December  1896,  were 
as  follows:  Foremen,  38/.  \\s.  \od.  ;  shift-bosses,  27/.  if.;  miners 
and  trammers,  22/.  gr.  \od.  ;  machine-drillers,  27/.  <)s.  ^d. ;  pump- 
men, 2;/.  2s.  ^d. ;  pitmen,  18/.  Js.  gd. ;  engine-drivers,  25/.  2s.  gd. ; 
stokers,  18/.  i^s.  ^d. ;  carpenters,  25^  l6s.  iod.;  blacksmiths, 
26/.  i^s.  $d. ;  fitters  and  mechanics,  26/.  9^.  $d,  ;  masons,  26/.  ys.  zd, ; 
battery  manners,  40/.  5J.  8d.  ;  cyanide  workers,  23/.  fo.  iod. ; 
amalgamators,  22/.  ys.  ^d. ;  concentrate  workers,  21/.  i6s.  \  vanner 
workers,  19/.  lOs. ;  electricians,  26I.  gs.  4d. ;  clerks  and  store- 
keepers, 22/  lar.  ^d.  ;  and  labourers,  J8/.  \s.  Sd.  per  month  (being 
1 5  per  cent,  to  30  per  cent,  higher  than  in  most  mining  centres  in 
the  United  States) ;  and  as  was  shown  in  the  evidence  taken  before 
the  Industrial  Commission,  the  average  rate  per  man  paid  in  a  well 
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managed  developing  mine  was  19J,  €>'&d.  per  shift,  and  in  a  working 
mine  about  i8j.  6rf. ;  more  skilled  labour  being  required  where  con- 
struction work  is  going  on.  Against  these  rates,  however,  must  be 
set  the  cheapness  of  ordinary  (native)  labour  and  the  high  cost  of 
living,  which  amounted,  I  believe,  at  Johannesburg  to  about  19/.  a 
month  for  a  married  man  with  a  wife  and  two  children,  although 
single  men  could  board  for  5/.  to  6/. 

An  article  entitled  'On  the  Rand,'  which  was  published  in 
1901,  in  the  Fittancial  Times,  showed  the  cost  at  the  coast  of  a 
number  of  articles  sold  in  Johannesburg  ;  the  Natal  share  of  rail- 
age ;  the  Transvaal  share  of  railage  ;  the  Transvaal  Customs  dues  ; 
the  total  cost  landed  in  Johannesburg ;  the  percentage  of  profits 
on  sales ;  and  current  prices  as  given  in  the  table  on  p.  462. 

Mr.  G.  A.  Denny  gives*  a  most  interesting  "statement,"  com- 
piled by  Mr.  F.  Raleigh,  which  shows  the  cost  of  machinery,  plant, 
etc.,  and  the  cost  of  importing  it,  via  East  London. 

The  cost  of  living  in  Western  Australia  in  1898  and  1901,  may 
be  judged  from  the  prices  \  of  the  following  commodities : — 
189S 
>         »         ./.     J.  <i. 
BMf(retfli]),  perlb. 
]lacon,  per  lb.      . 
Flour,  per  lOO  lb. 
Butler,  per  tb.      . 
Kggs,  per  dozen  . 

Horse-keep  may  1>e  reckoned  at  about  3at.  to  351.  per  week. 

On  the  Coolgardie  gold-fields  in  the  early  part  of  1902,  the 
following  prices  obtained: — 


..03         Water,  per  100  gnlloii 
Tea I    9    1 

Although  the  cost  of  living  is  much  less  now  than  it  was  before 
the  construction  of  the  railways,  as  Mr.  Hoover  has  pointed  out, 
it  is  still  very  high, }  owing  to  the  high  rates  of  transport  by  rail 
that  still  obtain,  and  the  necessity  that  exists  of  importing  most  of 
the  food  supplies.  Cheapening  of  production  must  therefore  be 
looked  for  through  reducing  the  cost  of  living  and  securing  efficiency 
rather  than  from  lowering  the  present  wages  rates.  Single  men  pay, 
according  to  Mr.  H.  F.  Bulman,  i/.  to  i/,  lar.  per  week  for  board 

•   TkeDap  Levd  MUusofthiRand.f.  158, 

t  Given  by  G.  J.  Bancroft,  op.  lit. 

\  Mr.  Francis  F.  Govett,  at  ihe  Annual  Meeting  of  the  Tvaiiboe  Company,  May  3, 
1933,  pmnteil  out  that  under  ihe  existing  conditions  of  living  on  the  gold-^elds,  the 
cuiient  rale  of  wages  could  not  be  considered  unreasonable. 
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and  lodging,  whilst  Mr.  H.  C.  Hoover  stated  in  1S98  that  a  man 
could  "  batch  "  for  $3  per  week  ;  the  men  living  as  a  rule  in  rough- 
looking  shanties  of  "  hessian  "  stretched  over  a  wooden  framework 
(which  in  the  hot,  dry  climate  of  Western  Australia  is  not  as  un- 
comfortable as  it  seems),  or  in  corrugated-iron  huts,  or  snvall  weather- 
board houses.  In  1902,  board  and  lodging  at  Coolgardie  and 
Kalgoorlie  cost  from  i8.f.  to  40^.  per  week  ;  at  Pilbarra  25^,  to  %os  ; 
and  on  the  Kimberley  gold-fields  %os.  upwards. 

In  a  hot  country  like  Australia  it  is  particularly  desirable  to 
work  with  as  few  men  as  possible  on  night  shift,  as  they  cannot  get 
proper  sleep  during  the  day. 

The  standard  rates  of  pay  at  Kalgoorlie  on  an  eight-hour  basis 
were  fixed  formerly  on  the  following  scale: — Labourers,  \s.  id.\ 
brace-men,  1  .f.  41^1/. ;  miners  and  stokers,  \s.t,\d. ;  machine-men  (in  dry 
ground)  and  engine-drivers,  if.  ^d. ;  and  machine-men  (in  wet  ground), 
blacksmiths,  carpenters,  masons  and  plumbers,  \s.  ici^d.  per  hour. 

At  Fremantle,  foremen  roasters  were  paid  4^.  per  week ;  roaster 
hands,  %s.i^.  per  shift;  and  electricians,  3/.  per  week.  Tabulated  in 
the  ordinary  way,  for  the  sake  of  comparison,  the  following  were  the 
rates  that  obtained,  I  believe,  at  Kalgoorlie  in  1900-1901  : — 


Shiri  Lkksce 31   13  4 

Per 

S-hourShir.  Per  Week. 

k  :     d.  £    ..  d. 

Miners  (dry) o  11     8  or  3  10  o 

..      (wet)* o  13    4   „  4    o  o 

Machine-men  in  charge  of  tbe  drill  (dry)  t   •  o  13    4   ■>  4    ^  o 

(wet)-  .  o  .5    o  „  4  lo  o 

„  (aisislRDts) o  iz    6   „  j  IS  o , 

Timber-men o  13    4   „  4    o  o' 

Pitmen o  16    8  „  5    o  o 

Tmcheri        „  .  o  10    6  „  3    3  o 

Bracenien  and  platmen  oilo„36o 

AronlgaDialors o  13     4   „  4    o  o 

Batlery  feeders  and  labourers  .         .  o  10    o   ,,  3    o  o 

„       lumpers  nnd  cyanide  labourers  o  II     S   „  3  10  o 

Carpenters  and  filters o  15    o   „  4  10  o 

Blacksmiths o  15    o   „  4  10  o 

Tool-shar])eners 0134,,  400 

Strikers ollo„36o 

Mison-s  bricklayers  and  plumbers       .         .  o  15    o    „  4  10  o 

Engine-drivers  (lirst  cU^s  certiRcated).         .  o  13    4   ,,  4    o  o 

„  {second  class  and  condenser  men).  o  11     8   „  3  10  o 

L-tbourers  (sur'ace)  ,.  „  ,  o  10    o   ,,  3    o  o 

Teamsters  „  ,,  .  o  it     8   „  3  10  o 

lioys o    8    4   „  J  to  o 

'  The  term  "wet  ground"  is  understood  10  be  when  water  is   making  at  tlie  r 
Doo  gallons  per  shin  or  more,  but  the  men  recently  ashed  to  have  this  reduced. 
Men  at  the  "chuck"  are  not  enlilleit  to  this  rate. 
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The  Australian  Workers  Association  demanded  a  rise  of  wages 
in  1902  to  i$s.  4/i.  for  machine  chuck-men  and  of  lis.  Sii.  for 
truckers,  mullockers  and  labourers ;  that  any  men  working  on 
contract  or  piece  work  should  receive  not  less  than  the  current 
rate  of  wages ;  the  time  and  a  half  be  paid  for  Sunday  labour ; 
and  that  preference  be  given  to  the  Union  men.  The  matter  was 
referred  to  the  Conciliation  Board. 

The  award  of  the  Court  of  Arbitration,  which  was  presided 
over  by  Justice  Moorhead,  Mr,  W.  E.  Moxon  and  Mr.  Lobstein, 
is  given  in  the  'Report  of  the  Chamber  of  Mines  of  Western 
Australia,'  September  1902. 

The  Court  has  ordered  that  the  minimum  rate  of  wages  paid 
by  the  employers  on  the  East  Coolgardie  gold-fields  is  to  be  as 
follows  : —  P„  Shift. 

I.    d. 
Rock^rill  men  in  shaft 14    4 

,,            driving,  cross-cutting,  sloping  and  winzM      .  13  4 

Miners 11  8 

Brace  men  and  "plat "  men      •         •                                     .  11  S 

MuUocken  and  shovellers 10  6 

Trackers,  filling  and  (rucking   .                                     .         .  lo  6 

Trucker!!  from  shoot         .         .         .                  .         .         .  10  o 

Men  wockine  at  cyanide  vats  and  fiiter- presses    .                   .  tl  8 

Timbermen  t  ..•..--..  13  4 

Surface  labourers 10  o 

The  shift  to  consist  of  eight  hours,  including  the  customary 
allowance  for  "  crib." 

Surface  men's  shift  to  consist  of  eight  hours,  exclusive  of  "  crib  " 
time. 

The  Court  decided  that  no  sufficient  reasons  had  been  adduced 
to  warrant  interference  with  Sunday  labour,  which  was  already, 
except  when  necessary,  absolutely  prohibited  by  Act  of  Parliament. 

Total  Sunday  closing,  in  the  opinion  of  the  Court,  would  mean 
an  incalculable  diminution  in  the  production  of  the  mines  and 
largely  increased  expenses. 

The  Court  declined  to  direct  that  the  "  contract  system  "  should 
be  totally  abolished  as  proposed,  but  it  directed  that  all  agreements 
should  be  in  writing,  and  should  contain  a  clear  specification  of  the 
work  required  to  be  done,  the  price  to  be  paid,  the  price  at  which 
stores  and  explosives  would  be  supplied  to  contractors,  and  the 
*  The  men  10  be  held  jointly  and  severally  responsible  for  the  breakage  of  tooU  or 
injury  to  machinerj. 

t  Working  together,  and  directly  in  chitt^  of  and  responsible  to  the  undergcoond 
manager  for  the  work  under  ibeir  control. 
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dates  of  the  progress  payments  to  be  made ;  notices  of  these  terms 
to  be  posted  one  dear  day  before  tenders  are  received. 

The  Court  also  strongly  recommended  that  the  form  of 
agreement  at  present  in  use  at  the  Great  Boulder  be  adopted  in 
other  mines.  Mine  owners  have  the  unrestricted  right  to  employ 
non-unionists,  and  the  Award  applies  to  the  East  Coolgardie  field 
for  eighteen  months. 

A  table  showing  the  relative  rates  of  wages  in  the  different  gold- 
fields  of  the  Colony  in  1900  and  1901,  will  be  found  at  the  end  of 
this  chapter. 

Cost  of  Disposal  of  Bttllion. 

A  circular "  issued  by  the  Perth  branch  of  the  Royal  Mint, 
shows  the  cost  of  the  disposal  of  the  gold  raised  in  the  Kalgoorlie 
District ;  from  which  the  relative  cost  of  treatment  by  refiners  in 
London  or  at  the  Mint  in  Perth  can  be  reckoned.  The  comparison 
is  based  on  a  consignment  of  8000  oz,,  divided  into  three  lots: 

(1)  Battery  gold,  50CX1  oz.,  assay  of  gold  'pij,  of  silver  0*075 : 
containing,  therefore,  4575  oz,  fine  gold  and  375  oz.  fine  silver; 

(2)  cyanide  bullion,  1500  oz.,  assay  gold  -740,  and  of  silver  •  145  : 
containing,  therefore,  iiiOoz.fine  gold  and  217*5  oz.  fine  silver; 

(3)  gold  from  slimes,  1500  oz.,  assay  gold   "740,  of  silver  "145  : 
containing,  therefore,  mo  oz.  fine  gold  and  217*5  02.  fine  silver. 

ButtioH  leitt  through  a  hank  to  rifiners  in  LendB$i. 

Bo.=,  ci  ht  U  l»  ''•00 

Ca.rtiige  in  Kalgooilie .                                     .  ,  i     o    o 

Railway  canUge  (ordinaiy  rat«),  f».  td.  per  loo  01.  .  36    o    o 

Police  escort  (ordiniiy  rate),  }>/.  per  oz.         .         .  .  16  13    4 

Insurance  (Kalgoorlie  to  LodUod),  5j.  per  cent,  on  Z9,ocx>/.  71  to    o 

Bank  commission,  Ji.  per  cent,  on  39,000/.     .         .  .  71  10    o 

Freight,  lor.  per  cent,  on  19,000/.  .  145    o    o 

Expenses  in  Fremantle,  whar&ge,  cartage,  etc.  .  3  10    o 

Expenses  in  London,  cartage,  etc.  300 

Refiners'  chaiges,  Sooo  oz.  at  i%d.  per  01.      .  .  91   13    4 

434  16    8 
Less  allowed  for  silver  (Sio  oz.  fine},  876  01.  standard, 

■t  2J-  y- 98  II    o 

336    5     8 
To  which  most  be  added  loss  due  to  London  market  price 
for  gold  being  1 1^.  per  ot.  standard  less  than  Mint  price 
(6795  oz.  line),  7413  OE.  standard  at  i)^.  .  .       38  la    3 

374  17  W 

*  Given  in  a  letter  from  Kalgoorlie,  dated  June  az,  1901,  published  in  the  Ju//ivnu/. 
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If  half  the  piocceds  were  required  in  Kolgoorlie  to  meet 
mine  expenses,  the  monejr  would  have  to  be  trans- 
miltcd  by  "  bill  of  eichttnge."  If  sach  bill  could  be 
obtained  at  a  proHt  of  \  per  cent.,  the  above  fignrei 
would  be  reduced  by  (14, 500/.  at  |  percent.*)  ly.m.iid. 
Lowering  the  total  cost  to j(,35^  '5    4 

Gold  Bullion  lent  to  Perth  Mint. 

Expenses— Mine  to  Mint :  £    i.   d. 

Boxes,  8  at  loj.    .      , 400 

Cartage  in  Kalgoorlie  .  .  .  ,  ,  100 
Railway  carriaee  (special  rate),  6/.  6d.  per  loo  01., 

less  25  per  cent.        .                                               .  19  10    o 

Police  escort  (special  rate),  J  per  ot.  .  8  6  8 
Insurance  (Kalgoorlie  to  Perth),   zr.  per  cent,  on 

29,000/. 29    o    o 

ei   16    8 
Mintcba^s 77  15    7 

'39  "    3 
Less  allowed  for  silver  .  .  .       13  10    o 


If  half  the  proceed)  were  required  in  London  for  dividends, 
etc.,  and  half  in  Kalgoorlie  for  mine  expenses,  the 
above  fignies  would  be  increased  b;  (i)  bank  exchange, 
Perth  to  Kalgoorlie,  14,500/.  at  Jperceot.'  i%i.xi.6d.; 
ditto,  Perth  to  London,  I4,5cxi/.at}percent.,72/.  los.      go  12    6 

Increasing  total  cost  to         .         .         .   £ii(i  14    9 

On  June  20,  1899,  His  Excellency  the  Governor  declared  the 
Perth  Branch  of  the  Royal  Mint  to  be  open  for  the  receipt  of  gold 
for  coinage- 
Subject  to  the  Regulations,  any  person  may  deposit  gold  at 
the  Mint  in  his  own  name.  Those  who  cannot  attend  personally 
for  the  purpose  may  send  the  gold  by  an  agent,  through  the  post, 
or  under  police  escort. 

A  circular  can  be  obtained  from  the  Deputy  Master  of  the  Mint 
giving  all  necessary  information  for  intending  depositors,  conditions 
of  the  Escort  Service,  Coining  Regulations,  etc.,  etc 

Parcels  up  to  43  oz.  gross  may  be  sent  through  the  post. 
An  Escort  Service  is  provided  by  the  Police  Department  for 
parcels  of  all  sizes.    The  consignor  pays  for  the]  carriage  by  coach 
or  train,  but  the  escort  charges  are  collected  by  the  Mint. 

•  RAtet  subject  to  atieiation  by  the  Binks. 
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Forms  for  use  in  connection  with  gold  sent  to  the  Mint  by  post 
or  under  police  escort  can  be  obtained  at  the  Mint. 

The  charges  for  the  conversion  of  gold  into  coin  are  as  follows ; — 
I.    Far  Aisaying  and  Refining: 

A  mintaiuiii  charge  of  \s.  'a  made  for  all  weights  up  to  48  ta. 
From  50  oz.  to  500  oz.  an  addition  at  the  rate  of  10^.  for 

ever;  to  oz.  or  pan  of  10  oz. 
From  501  oz.  to  1000  oz.  an  addition  at  the  rote  of  u.  id.  for 

every  30  oz.  or  pari  of  zo  oz. 
From  looi  oz.  and  upwards  an  addition  at  the  rale  of  4^.  id. 
for  every  100  oz.  or  part  of  100  oz. 
J.     Far  CeiHing: 

For  deposits  under  500  oz.  standard         .         ,     t|i/.  per  01. 
For  deposill  over  500  oz.  standard  ,         .     \d.      „ 

The  following  table  "  illustrates  the  operations  of  these  chaises 
in  cases  of  gold  of  the  value  of  3/.  lys.  10^1/  an  ounce  : — 


W^M 

Rue 

R=fi„i,i|. 

C<»<J.«. 

Total 

Ad 

«ninlofCh..g 
Coiaiiv. 

chr" 

"is:^.- 

■a. 

d. 

d. 

d. 

£   '.   -f. 

£   >■   d. 

£.    '.    d. 

£     '.   d. 

SO 

10 

'S 

'■S 

04a 

0    6    3 

0  10    5 

•94    3     4 

100 

10 

•■5 

»'S 

0    8    4 

0  12     6 

I  0  10 
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10 

"3 

'■3 

I  10    0 

3    6    8 
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10 

ao 

4    3    4 

4    3    4 

8    6    8 

3.885    8    4 

5,000 

0-6 

10 

i'6 

II  10    0 

10  16    8 

33    6    8 

19.43s    8     4 

lo.ooo 

0-5 

10 

IS 

41  n  4 

64  It    8 

38,87*  18    4 

•  Gold  Escort  Service — Taile  of  Ratis. 


Abhntts 

Auitralia  United  Mine 

Burbaoks  . 
Coolgardie 
Cosmopolitan  Propy.,  Lid. 


Perth       Monthly  5 

„  „  '  aj       S[iecial  rate  for  Perth  Jlinl 

j  only. 

„        Fortnightly  oj       Dilta 

1     „      ,  „  o\       Ditto. 

„     '     Monthly  \\  •  Dillo, 


t  of  Mines,  'Western  Australia 


1900 


.vGooglc 


in   Western  Australia. 
Table  of  Rates — coniinuid. 


469 


Cm. 

'  Perth 

Monlbly 

d. 
3 

/Special  rale  for  Perth  Mint 
I    only. 

Fidd's  Find 

1    4i 

Vittof 

Geraldton  . 

3 

Ditto. 

Kalgooilie. 

Fortnightly       0} 

Ditto, 

Kuwwna  . 

i    oj 

Ditto. 

King  of  the  Hil 

Monthly      |     z\ 

Ditto. 

Kookynie  . 

',!       .,     1  li 

Ditto. 

Laverlon   . 

1          1  31 

Ditto, 

Lawltfs 
Leonora     . 

,  ■'  1  ■'  '^ 

Ditto. 
/Over  6000  w.     Special  rate 
I     for  Penh  Mint  only. 
/Special  rate  for  Perth  Mint 
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Ditto. 

Meoiies     . 

1     ..     1          ..          ■    oJ 
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'    ..    ■       ..           Ij 

Ditlo. 

Mt.  Morgans 
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.'      '           ■.               4i 
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■    ..     '          ..          i    3i 
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^  ;;       ;; 
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Norseman  . 

.  „ 

>i 

Northam    . 
Peak  Hin  . 
Sonthera  Cross 
Wiluna      . 

Yalgoo      . 
Yerilla       . 

1  •■ 
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Fortnightly 
Monthly 

Nil 
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Over  3000  oz. 

150001.10200001. 
Overjooooi. 
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■^1 
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ulien  of  25  per  cent.  U  madifo 
consigned  to  tilt  Pirlk  Mint. 

ail  sold  dull  or  Mliffn 

'  Excerpt  from  Mining  Statistics,  Department  of  Mines,  Western  Anstralia,  1901. 
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To  find  the  value  per  ounce  of  gold  sent  from  a  mine  to  t/ieMint* 
— Divide  the  standard  gold  by  the  weight  before  melting,  and 
multiply  the  result  by  3/.  I/J.  lojrf.  For  instance,  supposing  the 
Mint  return  to  show  : 


Weight  before  melling 

e  calculation  would  be 

474i)38'9'o('So5            '805 
379a- 8                     -805 

26200 
23705 

"495 

as  follows:— 

x23f94 
•80s 

19470 
311 SJo 

jt3- 134(670) 

Two  letters  in  the  Financial  Times  of  October  16,  1901  and 
March  5,  1902,  discuss  the  question  of  Australian  coinage  from  a 
general  stand-point. 

Management. — The  management  of  West  Australian  mines  has 
at  difTerent  times  evoked  a  great  deal  of  adverse  comment,  and  as 
it  is  in  a  large  measure  the  keystone  upon  which  all  else 
rests,  several  points  of  view  from  which  it  has  been  criticised, 
both  from  within  and  from  without  the  profession,  call  for  notice. 

Some  people,  for  instance,  have  argued  in  favour  of  what 
practically  amounts  to  "dual  control,"  in  the  shape  of  Australian 
direction  on  the  spot,  with  a  business  man  at  the  head  of  affairs, 
the  departmental  management  being  entrusted  to  mine  and  mill 
foremen.  The  disadvantages  of  this  have  been  pointed  out  by 
Mr.  J.  H.  Curle,t  so  I  need  not  repeat  them.  Others  have  advo- 
cated vesting  the  supreme  local  power  in  the  hands  of  a  technical 
man,  the  latter  arrangement  being  now  the  one  most  in  favour, 
and  which  has  worked  on  tlie  whole  the  best,  although  both 
systems,  it  must  be  confessed,  have  occasionally  broken  down. 

Another  question  which  has  given  rise  to  no  little  discussion 
has  been  as  to  whether  the  general  management  of  this  or  that 
company  should  be  entrusted  to  a  miner  or  a  metallurgist,  a  point 
which  it  seems  useless  to  argue,  since  it  appears  self-evident  that 

*  EiceTpt  fTom  Mining  Slalisliii,  Depaitmenl  of  Mines,  Wesiem  Aostriiia,  1901. 
t  The  Gold  Mintsofthe  World,  Iiy  J.  H.  Curie,  1st  ed.,  pp.  147-148. 
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anyone  filling  a  post  of  the  kind  should  possess  a  knowledge  of 
both  brandies  of  the  business  he  is  called  upon  to  look  after.  A 
worse  bone  of  contention,  however,  over  which  rival  advocates  have 
got  badly  bitten  at  different  times,  has  been  fought  .over  the  most 
absurd,  perhaps,  of  all  questions,  viz.  the  relative  merits  of 
American,  Colonial  and  English  engineers — a  matter  which,  so  far 
as  regards  outsiders  (shareholders  and  others),  has  given  rise  to 
no  little  surprise  and  perplexity ;  and  unfortunately  one  cannot, 
add  that  like  the  curse  of  the  "Jackdaw  of  Rheims,"  "no  one 
seemed  one  penny  the  worse," 

The  assertion  is  no  doubt  true,  that  it  is  impossible  to  defend 
the  management  of  a  number  of  properties  in  the  earlier  days 
of  the  field,  but  mistakes  that  were  made  do  not  appear  to 
have  been  confined  to  any  one  particular  branch  of  the  profession, 
and  it  seems  as  foolish  and  ilUadvised  as  it  is  unsportsmanlike,  to 
raise  discussion  on  such  a  purely  abstract  question  as  the  capacity 
of  a  body  of  engineers  sprung  from  one  common  stock,  whether 
English,  Colonial,  or  American,  since  the  question  turns  on  the  ex- 
perience and  personality  of  each  individual,  which  varies  every  case. 

The  list  of  engineers  given  in  an  article  dealing  with  this 
subject  in  the  New  York  Mining  Journal  of  September  i,  1900, 
includes  the  names  of  a  number  of  mining  engineers,  American 
and  British,  to  which  mining,  both  in  South  Africa  and  Western 
Australia,  is  undoubtedly  largely  indebted,  and  the  article  in 
question  sums  up  the  case  in  a  nutshell  by  remarking  that,  "  The 
wisdom  and  skill  in  the  profession  are  not  monopolised  by  the 
engineers  of  any  one  country:  there  are  excellent  men  in  alL" 
Men  of  Anglo-Saxon  blood  can,  in  fact,  surely  well  afford  to 
admire  success,  which  their  colleagues  and  others  have  achieved,  to 
whatever  branch  of  the  race  they  belong,  and  anything  that  tends 
to  blunt  the  feeling  of  mutual  esteem  which  generally  animates 
them,  and  would  tend  to  split  them  into  different  "  camps,"  I  cannot 
help  thinking,  is  greatly  to  be  deplored.  Mining  men  by  pulling 
together  can  accomplish  far  more  for  the  welfare  of  their  profession 
and  the  good  of  the  industry,  than  by  pulling  "  out  of  stroke  "  or 
gainst  one  another. 

It  is  moreover  but  fair  to  managers  of  mines  to  draw  attention 
to  the  fact  (which  business  men  are  able  to  overlook)  viz,  that 
sometimes  with  a  not  unnatural,  but  unwise,  desire  to  secure  latter 
returns  than  a  property  is  in  a  position  to  yield  steadily,  pressure 
may  be  brought  to  bear  to  force  the  output  of  a  mine  beyond  what 
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a  manager  judges  to  be  wise.  At  other  times  he  may  have  to  suffer 
for  mistakes  made  by  his  predecessors  in  office,  for  which  he  gets 
the  blame  if  things  go  wrong,  and  occasionally  he  never  gets  the 
opportunity  of  carrying  his  ideas  out  in  practice,  and  has  to  make 
shift  as  best  he  can  with  the  means  at  his  disposal.  In  fact  it 
is,  in  all  cases,  most  easy  to  criticise,  and  most  difficult  to  allocate 
the  exact  measure  of  personal  responsibility  in  any  particular  case 
without  knowing  exactly  the  different  sides  of  the  question. 

Foresight  in  a  business  like  mining,  is  an  indispensable  qualifica- 
tion for  every  mining  engineer  to  possess  who  aspires  to  success, 
and  lack  of  this  natural  gift  is  responsible  for  many  mistakes  ;  but 
it  is  always  easy  to  moralise,  and  the  profession  on  its  own  initiative 
has  undoubtedly  not  only  striven  to  advance,  but  has  effected  many 
necessary  reforms. 

One  of  the  most  common  complaints  which  one  hears  brought 
against  mine-management  is  "the  reckless  expenditure  of  capital," 
and  in  some  instances,  if  the  amount  of  capital  placed  at  a 
manager's  uncontrolled  disposal  is  a  lai^e  one,  there  may  be 
temptation  to  extravagance;  whilst, as  Mr.  S.  H.Cox,M.lnst.M,M,,* 
has  pointed  out,  it  is  a  well-known  fact  that  "  working  costs  are 
generally  greater  on  rich  mines  than  on  those  which  are  poor." 
The  measure  of  economy  exercised  in  any  particular  case  cannot, 
however,  be  judged  simply  from  the  gross  outlay,  which  people 
are  too  apt  to  look  at,  without  considering  what  it  represents  ;  and, 
if  judiciously  laid  out,  the  larger  the  capital  outlay  the  more  it 
should  make  ultimately  for  economy,  by  supplying  a  property 
with  the  most  perfect  equipment  possible,  on  a  scale  commen- 
surate with  its  requirements  and  output;  many  a  mine  having 
been  ruined  or  never  having  achieved  the  success  ^\'hich  it  ought 
and  would  have  attained  if  properly  equipped,  simply  because 
outlay  has  been  stinted  on  its  preliminary  development  and  plant. 

Leakage  of  information  in  regard  to  "important  strikes"  is 
another  matter  for  which  managers  are  not  infrequently  blamed,  and 
although  it  can  sometimes  be  checked,  it  is  impossible,  as  a  rule, 
to  entirely  prevent  it,  when  it  is  encouraged  from  outside. 

Gold -stealing,  which  has  been  a  cause  of  trouble  in  the  past 
when  dealing  with  very  rich  ores,  can  only  be  stopped  by  combina- 
tion, such  as  now  obtains,  amongst  the  mine-owners  to  detect  and 
punish  it ;  by  the  provision  of  properly-regulated  "  changing-rooms  "; 
•  PreMilenlial  Address,  Itul.  of  Mining  and  Metallurgy,  by  S.  H.  Cox,  M.  Inst.  MM., 

1S99,  vol.  vii.  p.  219. 
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and  by  the  enforcement  of  the  Act  that  has  been  passed  to  register 
"  gold  dealers  " ;  but  the  provision  of  the  existing  law,  that  the  gold 
must  be  actually  identified,  has  raised  great  difficulties  in  the  way 
of  punishing  gold  thefts  ;  as  pointed  out  by  Mr.  Hermann  Landau, 
the  Chairman  at  the  Annual  Meeting  of  the  Associated  Gold 
Mines,  July  24,  1902  ;  and  the  possession  of  gold  which  cannot  be 
satisfactorily  accounted  for  ought  to  suffice  to  secure  punishment.* 

In  considering  the  question  of  management,  the  difficulties 
under  which  the  fields  have  hitherto  laboured,  must  be  taken  into 
account  It  must  be  recollected,  for  example,  as  Mr,  H.  C.  Hoover 
has  pointed  out.t  that  they  cover  an  area  of  about  500  miles  in 
diameter,  and,  as  conditions  vary  greatly  in  diiTerent  localities,  a 
working  cost  of  $25  per  ton  in  one  place  may  represent  more 
efficient  management  than  $10  in  another. 

Mr.  Hoover  in  1898  estimated  that  in  well-managed  mines 
employing  wet-crushing  mills,  i.e.  with  free-milling  ore  exclusive  of 
depreciation,  London  expenses,  etc.,  the  costs  on  different  West 
Australia  gold-fields  averaged  approximately  as  follows  i — Kal- 
goorlie  $10  per  ton  ;  Coolgardie  $10 ;  Menzies  $20 ;  Mt.  Malcolm 
district  $8;  East  Murchison  district  $7;  Murchison  $I0;  Yilgarn  $7. 

It  is  a  fact,"as  he  said,  that,  as  a  rule,  $10  (10  dwt.  ore)  would 
not  yield  a  profit,  and  it  is  therefore  to  the  credit  of  their  manage- 
ment that,  despite  the  disadvantages  under  which  mining  suffers, 
under  favourable  circumstances  and  wilh  free-milling  ore  consider- 
ably less  than  this  has  been  made  to  pay. 

To  name  a  few  mines,  which  I  have  selected,  (i)  as  none  of 
tliem  shows  an  exceptionally  large  output ;  (2)  they  are  situated 
{except  as  regards  the  two  last)  in  different  localities ;  and 
{3)  because  they  were  severally  under  Australian,  American,  and 
British  management 

Eraser's  Gold  Mining  Co.  Southern  Cross,  in  the  Yilgam  gold- 
field,  succeeded  in  paying  dividends,  dealing  with  a  free-milling 
quartz  ore  averaging  10  dwt.  19  gr.  per  ton,  the  bullion  being  only 
worth  3/.  13J.  an  oz.  The  amount  of  stone  crushed  up  to  the  end 
of  iSg8  is  stated  to  have  been  101.575  tons,  which  produced 
54,966  oz.  10  dwt  in  bullion. 

•  It  appears  that  a,  "  bill "  wilh  this  object  has  recently  been  introducod  by  which 
ftny  person  found  in  possession  of  gold  (meaning  gold  bullion,  gold  or«,  amalgim, 
allayial,  concenlrales,  elc),  ieasonal>ly  suspected  of  being  stoUn,  and  who  dots  not 
proTe  tbal  he  came  by  it  lawfully  will  be  liable  (o  a  line  of  not  exccedini;  50/,,  or  a 
term  of  imprisonment  not  exceeding  six  months. 

t  Miiurai  /mfuitry,  vol.  vi.  p.  334. 
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In  a  report  of  the  Chamber  of  Mines  of  Western  Australia 
Mr.  V.  F.  Shallcross,  M.  Inst.  M.M.,  gives  •  an  interesting  table 
showing  that  between  May  l6,  1890,  and  July  23,  1900,  the  total 
tonnage  milled  amounted  to  138,701  tons,  representing  a  yield  of 
\l.  i6s.  per  ton,  and  that  the  total  working  costs  per  ton  came 
to    i/.  1 1  J.  7d. 

During  17  months  ending  December  31,  1901,  35,206  tons  were 
milled  in  Fraser's  mill,  which  yielded  i/.  is.  lod.  per  ton  at  a  cost 
of  il.  y.  II  '65;/.,  irrespective  of  returns  from  tailings;  102,516  tons 
being  cyanided  which  returned  I2s.  oiorf.  per  ton  at  a  cost  of 
4J.  O'OS*;^. 

Mr.  Shallcross  points  out  that  the  shafts  only  permitted  of 
hoisting  trucks  holding  7  cwt.  and  that  the  present  batteries  are 
old — the  duty  per  stamp  being  only  equal  to  2*3  tons  per  diem, 
and  he  adds  :  "  To  some  extent  the  economies  effected  are  due  to 
the  installation  of  rock-breaker,  ore-bins  and  automatic  feeders,  but 
a  great  deal  is  also  due  to  t/ie  system  of  accounts  which  has  been 
adopted  at  the  mine,  whereby  the  manager  can  see  at  a  glance  the 
cost  of  each  particular  piece  of  work  as  it  prioresses,  and  check 
any  excessive  expenditure." 

Thecosts  at  the  East  Murchison  United,  in  the -East  Murchison 
District,  were  given  as  only  $7*68  {32J.)  a  ton.  In  1898,!  12,431 
tons  were  treated  from  this  mine,  for  a  yield  of  13,641  oz,  13  dwt. 
6  gr.,  and  the  average  grade  of  the  ore  throughout,  up  to  the  end 
of  1898,  was  I  oz.  7  dwt.  21  gr.,  the  bullion  being  worth  3/.  l$s.  6d. 
per  oz.  The  Company  paid  45,000/.  in  dividends  during  the  years 
1898  and  1899. 

The  costs  at  Bayley's  United  Gold  Mines,  Coolgardie,  of  mining, 
milling,  and  sands  and  slimes  treatment  combined,  amounted  to 
i/.  ii.f.  4i/. t  in  1899,  and  to  i/.  lis.  i^d.^  per  ton  in  1900.  The 
quantity  of  ore  crushed  in  the  new  battery  in  1S99  being  1,3,106 
tons,  and  in  1900  28,227  tons,  averaging  i  oz.  12  dwt.  7  gr.  and 
"  14  dwt.  23  gr.  per  ton  respectively.  In  1900  on  a  yield  of  1 1  dwt. 
23*77  £■■->  *  profit  of  14,986/.  18^.  3rf.  was  earned  after  writing  off 
14,775/.  19*-  Sd.  for  development,  etc. 

*  yide  the  Mining  yaurnal,  July  19,  1901,  p.  1004. 

*  In  1S98,  3284  tans  crushed  fiom  the  Donegal  leases  produced  2S79  oz.  ;  r.od  3004 
tons  crushed  from  the  Wnroonga  yielded  3324  oz. ;  these  leases  being  worked  under  m 
profit-sharing  airnngement  with  the  London  and  Western  Austtnlian  Exploration  Co., 
Ltd. — Mining  Year  Bait,  1902. 

t  Report  of  the  General  Manager,  Mr.  G.  W.  W.  MAckinnon,  M.  lost.  M.M. 
§  Report  of  the  General  Manager,  Mr.  E.  Davenport  Clelind. 
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At  the  Norseman  Gold  Mines,  in  the  Dundas  District,  9584  tons 
of  ore  were  crushed  in  i8g8,  yielding  10,148  oz.  5  dwt  I4  gr.  in 
bullion,  worth  3/.  12s.  per  oz.,  and  I  am  informed  that  the  cost 
came  to  2/.  ys.  ^yi.  per  ton  (including  mining  19^.  41/.,  development 
i3f.8rf.and  milling  I4r.  7i(^.),  but  Mr.  R.M,  Raymond,  M.InsLM.M. 
(the  late  General  Manager),  subsequently  estimated,  I  believe,  that, 
with  sundry  alterations  and  additions  made  to  the  plant,  mining 
and  milling  could  be  covered  by  a  return  of  about  5  dwt.  per  ton ; 
and  the  costs  for  the  year  ending  September  30,  1900,  crushing 
24,217  tons,  came  to  1/.  rot.  grf.  per  ton,  mined,  milled  and  cyanided, 
including  i2j.  S-Sd.  for  mining,  6s.  4'8d.  for  milling,  55.  8d.  for 
development,  5 J.  sd.  for  cyaniding,  and  6-4d.  for  sundry  charges. 

At  Tindal's  Mine,  in  the  Coolgardie  district,  where  the  ore  has 
been  got  by  "  open  cast,"  ore  yielding  less  than  4  dwt.  is  reported 
to  be  giving  a  profit. 

It  was  stated,  in  fact,  that  1013  tons  were  treated  in  April  1901 
for  a  yield  of  153  oz.,  or  an  average  of  just  over  3  dwt.,  the  total 
expenses  being  489/.  i6s.  id.  and  the  value  of  the  gold  594/.  i&r.  6rf, 

The  costs  at  Hannan's  Oroya(Kalgoorlie),  ejtclusive  of  London 
and  Adelaide  charges,  for  the  half-year  ending  March  31,  1900, 
milling  13,601  tons,  which  returned  on  an  average  6  dwt.  n  gr. 
of  bullion  worth  3/.  \6s.  yd.  per  oz.,  amounted  to  igs.  ji'id.  per 
ton  for  mining,  milling,  transport  of  ore  smelted  (S26J  tons)  at 
Fremantle  (901/.  I$s.  id.)  and  general  expenses,  or  including 
development  (charged  to  capital  account)  the  total  expenses  came 
to  i/.  i8j.  9-8rf.  per  ton  milled.  It  should  be  mentioned,  however, 
that  the  very  low  mining  costs  included  in  the  above  sum  of 
191.  II -id.,  which  amounted  to  ys.  yyd.  per  ton  *  of  oxidised  ore 
milled  (inclusive  of  mining,  trucking,  hauling  and  filling  in  slopes), 
I  am  informed,  was  partly  owing  to  the  fact  that  some  of  the  ore 
was  mined  "open-cast." 

The  costs  at  the  North  Boulder  (Kalgoorlie),  in  October  1899, 
mining  1724  tons  and  crushing  1224  tons  (the balancebeing sulphide 
ore),  came  to  i/.  lys.  5'OSrf.  per  ton,  including  general  mining  charges 
8j.  8'8o</.,  sloping  4s.  2-oyd.,  development  ys.  0-22d.,  milling 
lar.  6'43(/.,  and  general  and  surface  expenses  &f.  II '53^-;  and, 
charging  a  certain  proportion  of  the  milling  costs  to  crushing  the 
sulphide  ore,  to  prepare  it  for  shipment,  it  may  be  estimated  on  the 
above  scale  of  treatment  that  mine  general  charges  and  mining 
were  covered  by  12s.  lO'Syd.  per  ton,  and  milling  by7x  9'82rf. ;  in 
•  keport  of  the  Manager,  Mt.  J.  V.  Pirket. 
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other  words,  \l.  or,  S'figrf.,  or  practically  speaking  5  dwLore,  alt  but 
covered  these  items  ;  reckoning  the  bullion  as  being  worth  about 
4/.  2s.  per  cz.  Local  general  expenses  and  development  added 
13J'.  w-jifd.,  making  i^  147.  S'44/f.  in  all. 

There  are  various  other  mines,  no  doubt,  which  can  present 
a  similar  satisfactory  showing,  and  I  merely  instance  these,  having 
the  figures  before  me,  to  show  that,  under  the  circumstances  with 
which  the  managers  have  had  to  deal,  the  management  of  West 
Australian  Companies  has  not  been  perhaps  so  bad  as  some  people 
painted  it ;  the  question  of  cost  hinging  largely  on  the  quantity  of 
ore  that  can  be  mined  on  the  average  monthly,  and  other  matters 
which  are  outside  of  the  possibility  of  individual  control.  It  must 
also  be  recollected  that  the  men  who  have  tackled  the  problems 
which  beset  them  at  the  commencement  have  had  the  incalculable 
advantage  of  later  experience  to  guide  them,  which  managers  had 
at  first  to  risk,  in  seeking  a  solution  of  difficulties,  for  which  there 
was  no  precedent. 

There  are,  however,  one  or  two  reforms  which  might,  I  think,  be 
carried  out,  and  would  be  of  considerable  advantage  alike  to 
shareholders  and  managers  of  companies.  For  instance,  it  would 
be  a  distinct  gain  if  the  reports  of  alt  companies  were  issued  half- 
yearly  or  annually,  brought  up  to  the  middle  or  end  of  the  calendar 
year,  and  not  at  odd  times. 

Further,  I  believe  it  would  be  of  advantage,  not  only  to 
managers  but  to  the  companies  they  represent,  if  they  would  agree 
to  adopt  a  more  uniform  system  of  subdivision,  in  which  to  present 
the  various  analyses  of  cost  of  mining,  milling,  etc.,  which  are  so 
admirably  given  in  many  of  their  reports  ;  this  would  better  enable 
them  to  see  when  and  where  possible  economies  could  be  effected. 
The  high  standard  of  general  excellence  and  cheapness,  which 
characterises  mining  on  the  Rand,  is,  in  the  Author's  opinion,  Jn 
a  large  measure  due  to  the  uniformity  noticeable  in  the  statistics 
of  cost  •  furnished  by  the  various  large  companies.  A  circumstance 
which  tends,  however,  to  complicate  the  presentation  of  returns  and 

•  The  imporiance  of  accurate  "cost-keeping,"  a  subjecl  quite  apart  from  ordinary 
"accountancy,"  was  admirably  dealt  with  by  Mr.  .S.  H,  Cox,  A.R.S.M.,  in  hii  Presi- 
dential Address  to  ihe  Institution  of  Mining  and  Metallurgy,  in  1899,  and  Mr.  J.  H, 
Ctirle,  referring  to  Western  Australia,  has  also  drawn  atteolion  to  the  subject  (The 
Gold  Mines  of  tki  World,  lirst  edition,  p.  149) ;  whilst  the  Author  emphasised  .ind 
ejcplained  the  importance  of  "cost-sheets  "  and  "  mine-relums  "  in  a  paper  read  by  him 
before  the  Inslilulion  of  Minbg  and  Melallurgy  in  1897,  and  in  the  Enginaring 
Mag'iane  in  an  article  on  '  Mine  Management'  in  January  1901. 
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cost-sheets  in  Western  Australia  is  the  fact  that  the  treatment 
chaises  and  yieldsof  (1)  oxidised  ores,  (2)  sulphide  ores,  (3)  con- 
centrates as  well  as  of  (4)  sands  and  (5)  slimes,  have  to  be  kept 
separately ;  and  the  sulphide  ores  are  sometimes  dealt  with  by  two 
different  processes. 

The  form  in  which  cost-sheets  are  represented  is  a  matter, 
no  doubt,  which  frequently  rests  with  the  Boards  of  Direction, 
Auditors  and  Consulting  Engineers  in  London  to  decide,  rather 
than  with  managers  themselves  ;  but  the  Chamber  of  Mines  could 
do  much  to  ui^e  its  advisability,  and  secure  its  adoption,  and  it 
would  probably  be  possible  for  the  Mine  Managers'  Associations  in 
different  districts  to  formulate  a  system  which  would  be  applicable 
to  their  general  needs,  subject  to  such  modification  as  experience 
of  its  working  might  dictate.  The  Lake  View  Report  and  others,  for 
1901,  in  form  and  detail  are  most  admirably  arranged,  and  embody 
several  features  which  the  Author  advocated  in  Chapter  VH. 

The  tables  in  the  Great  Boulder  reports  showing  the  annual 
returns  of  crushing  are  also  most  excellently  adapted  for  reference 

The  growing  spirit  of  co-operation  amongst  managers  in  regard 
to  such  matters  as  "the  sulphide  question,"  and  other  technical 
subjects  of  common  interest  to  all  concerned  in  West  Australian 
mines,  as  pointed  out  in  the  Statist "  and  in  the  Australian  Mail^ 
will,  I  venture  to  think,  materially  aid  in  surmounting  the  principal 
difficulties  with  which  they  have  had  to  contend,  and  this  feeling 
seems  to  have  been  rapidly  gaining  ground  of  late. 

As  Mr.  F.  A.  Govett  remarked  at  the  Annual  Meeting  of  the 
Ivanhoe,  May  2,  1902,  "  Hitherto  there  has  been  a  great  lack  of 
combination  amongst  the  great  mines,  but  I  hope  we  have  changed 
all  that.  Our  relations  with  the  Great  Boulder  and  Golden  Horse- 
shoe are  of  the  most  cordial  nature,  and  I  think  that  the  policy 
initiated  by  my  predecessor  Mr.  Rose,  to  ensure  reciprocal  informa- 
tion being  given  as  to  the  developments  of  the  Ivanhoe  and  Horse- 
shoe lodes  will  be  universally  adopted,  and  will  save  many  thousands 
of  pounds, 

"  It  only  remains  for  us  here  in  London  to  combine  with  a  view 
to  tackling  all  questions  of  common  interest  shoulder  to  shoulder, 
instead  of  leaving  one  company  to  fight  a  cause,  as  happened  to  the 
Ivanhoe  and  another  company  in  the  cyanide  case  ;  and  further,  of 
improving  the  conditions  under  which  we  all  work,  as,  for  instance, 
by  the  establishment  of  common  mining  stores,  mutual  insurances, 

•  March  lo,  1900,  p.  361  ;  and  i-eplembcr  J9,  1900,  p,  50S.        t  Miy  10,  1900. 
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coK)peration  to  meet  the  water  supply,  when  it  arrives,  for  its 
economical  distribution.  One  special  joint  committee  is  actually  in 
existence  already,  and  I  think  some  further  joint  action  is  likely  to 
result  from  this  apparently  accidental  beginning." 

There  are,  practically  speaking,  it  must  be  remembered,  no 
longer  any  "  trade  secrets  "  in  mining,  such  as  used  to  be  jealously 
guarded,  by  which  the  individual  could  benefit  at  the  expense  of 
the  many  ;  and  whilst  there  must  always  be  a  certain  amount  of 
rivalry  amongst  every  body  of  professional  men,  it  should  and  can 
always  be  of  a  friendly  and  helpful  character. 

With  a  thoroughly  efficient  technical  man  (whether  acting  as 
manager  of  one  large  company,  or  as  local  consulting  engineer  of 
several  smaller  companies)  at  the  head  of  affairs  on  the  spot, 
coupled  with  periodical  visits  from  a  director  or  the  secretary  and 
the  consulting  engineer  representing  the  company  in  London  ;  so  as 
to  keep  the  business  and  technical  management  at  home  and  abroad 
in  proper  touch  with  one  another,  which  they  cannot  otherwise  be  ; 
I  believe  that  many  of  the  troubles  from  which  West  Australian 
management  has  suffered  in  the  past  would  be  entirely  removed. 

As  Mr.  S.  H.  Cox  ■  said  in  1899,  "  The  profession  of  a  mining 
engineer  has  materially  advanced  during  the  last  25  years,  and 
while  mining  to-day  has  by  no  means  lost  its  speculative  element, 
it  has  under  more  and  njore  scientific  methods  assumed  a  position 
which  it  has  probably  never  occupied  before,  at  any  rate,  during  the 
present  generatioiL 

"  Not  many  years  ago  business  men  would  have  considered 
that  holding  shares  in  mines  was  a  rather  more  pronounced  form  of 
gambling  than  betting  or  horse-racing.  At  present  one  seldom 
meets  any  one  who  is  not  interested  to  some  extent  in  mining,  and 
while  the  ventures  of  certain  persons  have  resulted  in  the  acquisi- 
tion of  wealth,  and  much  self-appreciation  of  their  own  ability  as 
financiers,  others  have  lost  money  t  and  at  the  same  time  have  had 
their  belief  in  their  genius  for  finance  rudely  shaken. 

"  It  is  the  principal  duty  of  a  mining  engineer  to  further 
establish  mining  as  an  industry  and  to  eliminate  the  speculative 
element  as  much  as  possible." 

*  PreddcDtkl  Addresi,  Tram,  Inst,  af  Mining  and  MtlaUurgy,  toL  tu.  p.  21. 

t  Mr.  J.  H,  Cnile  devotei  a.  chapler  lo  Ihe  '  dangers  of  specuUliim '  witlioiit  dis- 
criiniDalinii.  pouuing  bat  certain  necesiar;  precautioni  to  be  taVen. —  Tht  Geld  Miutt  ^ 
tkt  Werld,  Chap.  II. 
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Its  public  importance  is  self-evident  when  one  reflects  that  in 
countries  like  Australia,  endowed  with  mineral  riches,  practically  all 
other  sources  of  employment  depend  upon  the  profitable  and 
economical  working  of  their  mines  ;  for  the  mines  provide  the  sinews 
of  all  other  industries. 

The  popular  and  picturesque  idea  of  a  mining  engineer  used  to 
be,  a  bearded  "  digger  "  in  a  red  flannel  shirt,  high  boots  and  a  wide- 
awake hat ;  but  all  that  has  been  altered  ;  the  beard  has  dis- 
appeared through  the  intervention  of  the  razor  ;  the  red  shirt 
followed  suit,  possibly  because  it  was  found  to  irritate  the  "  bulls  " 
in  the  Stock  Exchange;  and  of  the  quaint  old  picture  only  the 
wide-awakeness  remains.  Other  people,  who  are  addicted  to  draw- 
ing fancy  portraits,  picture  mining  engineers  and  capitalists  as  both 
being  as  black  as  that  ni^er  of  whom  it  was  said,  "  that  tar  would 
have  made  a  white  mark  on  him ; "  but  considering  what  capital  and 
engineering  combined  have  done  to  extend  civilisation  and  the 
bounds  of  the  British  Empire  this  seems  a  rather  rough  portrait, 
and  if  such  people  knew  the  matty  good  fellows  in  the  profession 
with  whom  the  Author  has  the  privilege  of  being  personally  ac- 
quainted, they  would  come  to  exactly  the  opposite  conclusion,  viz. 
that  any  ordinary  white  paint  would  leave  a  smudge  upon  them. 

Kalgoorlie  possesses  a  Mine  Managers'  Association,  a  Chamber 
of  Mines,  and  a  capital  Club  ;  and  it  has  been  decided  to  establish 
a  local  School  of  Mines  on  the  field. 


Mining  Laws.     The  Gold-Fietds  Act. 

The  original  Laws  and  Regulations  for  the  management  of  the 
gold-fields  of  the  Colony  (known  as  the  Gold-fields  Act  and  Mines 
Regulation  Act  of  1895)  were  found  unsatisfactory,  and  the  original 
law  has  been  amended  by  two  subsequent  Acts,  assented  to  on 
October  27,  1896,  and  October  28,  1898,  and  by  a  later  one,  known 
as  the  Amendment  Act,  1900,  which  came  into  force  on  December  S, 
1900;  under  which  leases  upon  Ctown  land  are  now  granted  as 
Miners'  Homesteads ;  all  buyers  of  gold  are  compelled  to  hold  a 
"  Gold  Dealer's  Licence " ;  owners  or  managers  of  batteries  are 
required,  under  penalty,  to  furnish  certain  regular  returns;  con- 
ditions were  laid  down  for  mining  under  railway  or  tramway 
reserves,  and  various  details  of  the  previous  Acts  were  modified. 
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Alluvial  Claims. 

Under  the  provisions  of  the  two  first -named  Acts  and  of  the 
Gold-fields  Regulations  as  amended  to  August  i  s,  i  S99,  which  I  shall 
designate  as  the  "  Late  Regulations,"  the  size  of  ordinary  alluvial 
claims  varied  from  70  feet  by  70  feet  for  one  miner,  up  to  200  feet 
by  200  feet  for  eight  miners,  with  power  to  amalgamate  adjoining 
claims  whenever  the  natural  difficulties  of  working  the  same,  or 
other  sufficient  cause,  was  deemed  to  justify  it. 

Under  the  Amended  Act  of  1900  one  miner  is  entitled  to 
take  up  25  yards  by  25  yards,  two  miners  25  yards  by  50  yards, 
three  miners  25  yards  by  75  yards,  and  so  on  in  proportion  for  any 
number  of  men  not  exceeding  eight ;  every  claim  being  if  possible 
laid  out  rectangular. 

"  Extended  Claims  "  may  also  be  taken  up  (i)  on  old  abandoned 
alluvial  ground  (not  being  in  a  river,  creek,  or  lake)  or  (2)  in  ground 
tested  and  found  too  poor  to  pay  when  worked  in  the  ordinary  way, 
which  can  be  worked  by  puddling  or  sluicing,  or  (3)  in  wet  ground 
where  water  exists  and  timbering  is  necessary  throughout,  or  (4)  in 
rocky  ground  where  blasting  for  a  depth  of  50  feet  is  necessary  in 
the  sinking  of  the  shaft. 

The  dimensions  of  these  claims  are  for  one  man,  half  an  acre  ; 
for  two  miners  one  acre;  for  three  miners  one  acre  and  a  half; 
and  so  on  in  proportion  for  any  number  of  miners  not  exceeding 
eight. 

River,  creek,  or  lake  "  Alluvial  Claims  "  taken  up  in  new  ground, 
must  not  exceed  120  feet  along  the  course  of  the  creek  or  river 
or  shore  of  a  lake  for  each  miner,  by  a  width  extending  from  bank 
to  bank,  unless  such  width  exceeds  300  feet ;  in  which  case  the 
excess  may  be  claimed  by  any  other  miner.  In  old  abandoned 
ground,  the  length  along  the  course  of  the  river,  creek,  etc.  is 
twice  the  above. 

Before  any  discovery  has  been  made,  miners  were  formerly 
granted  under  the  "Late  Regulations"  "Alluvial  Prospecting  Areas," 
which  varied  from  700  feet  by  700  feet  to  lOOO  feet  by  1000  feet, 
according  to  the  distance  from  the  boundary  of  the  nearest 
authorised  holding  producing  gold  at  the  time  the  "  Prospecting 
Area"  was  marked  off;  and  should  gold  be  discovered  and 
reported  within  seven  clear  days  of  the  discovery,  what  was  called 
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a  "Prospecting  Reward  Claim"  might  be  marked  off  (within 
fourteen  days  from  and  after  reporting  the  discovery  as  aforesaid), 
varying  in  size  from  400  feet  by  400  feet,  to  600  feet  by  600  feet, 
depending  on  the  distance  it  was  situated  from  the  nearest  holding 
producing  payable  gold. 

Quarts  Prospecting  Protection  A  reus. 

As  a  reward  for  the  discovery  of  gold  in  apparently  payable 
quantities  on  any  "  Quartz  Prospecting  Protection  Area "  (a  term 
explained  hereafter),  in  any  new  seam,  vein,  reef,  or  lode,  a  miner 
under  the  "  Late  Regulations  "  was  granted  a  "  Prospecting  "  or  "  Re- 
ward Claim";  upon  proof,  to  the  satisfaction  of  the  Warden  (if  within 
a  gold-field),  or  of  the  Minister  ofMines(if  the  discovery  were  made 
outside  of  a  gold-field)  of  such  a  discovery ;  double  the  length  of 
an  ordinary  "Prospecting"  or  "Reward  Claim"  by  400  feet  in  width. 

The  length  of  a  "  Quartz  Prospecting  "  or  "  Reward  Claim  "  was 
limited  to  400  feet,  held  to  be  efficiently  worked  by  two  men  ;  and 
as  a  reward  for  reporting  the  discovery  of  gold  in  any  new  seam,  vein, 
or  lode  therein  discovered,  miners  were  granted  (according  to  the 
distance  from  the  nearest  boundary  of  any  "mining  tenement "  pro- 
ducing gold)  from  300  up  to  600  feet  in  width  from  or  across  the 
base  line  (along  which  the  length  of  the  claim  was  measured),  pro- 
vided the  claim  was  south  of  the  Tropic  of  Capricorn  ;  whilst  if  it 
was  north  of  the  Tropic,  the  size  of  the  claim  was  doubled,  i.e. 
extended  from  600  up  to  1200  feet  in  width.  In  addition  to  the 
"  Reward  Claim,"  each  miner  actually  working  in  a  "  Prospecting 
Claim  "  was  entitled  to  mark  off  and  register  one  "  Ordinary  Claim  " 
under  Regulation  22,  which  could  be  worked  conjointly  with  the 
"  Reward  Claim." 

"Quartz  Prospecting  Protection  Areas'Vithin  a  proclaimed  gold- 
field  were  of  similar  width,  but  were  granted  (as  before  mentioned) 
double  the  length  of  a  "  Reward  Claim,"  which  the  miner  was  entitled 
to,  under  the  above  regulations  ;  and  outside  of  a  proclaimed  gold- 
field  he  might  stake  a  "  Prospecting  Claim  "  of  400  yards  by  400 
yards. 

Prospecting  Areas. 

These,  under  the  amended  Act  of  1900  and  Regulations,  are 
now  granted  on  Crown  lands  upon  which  a  miner  is  desirous  of 
prospecting  for  gold,  and  they  may  be  taken  up  under  the  following 
conditions : — 
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ir  distant  more  than  10  miles  from  the  nearest  gold-mine 

on  which  operations  arc  being  nl  date  of  "  pegging, "  Vuds. 

or  were  carried  on  within  the  preceding  period  of  six 

months 400  X  400 

It  distant  more  than  3  miles  and  less  than  10  miles  from 

such  a  mine 300  x  300 

If  distant  more  than  I  mile  and  less  than  3  miles  from 

such  a  mine 200  X  200 

Ifdislant  more  than  400  yards  and  less  than  I  mile  from 

such  a  mine  ....•.•       tJD  X  150 

The  Warden  has  the  power  to  grant  a  "  Prospecting  Area  "  not 
exceeding  100  yards  by  100  yards  at  a  less  distance. 

Any  miner  prospecting  in  a  locality  distant  over  50  miles  from 
the  nearest  registered  "  claim  "  or  "  lease  "  may  mark  off  a  "  Special 
Prospecting  Area  "  of  400  yards  by  800  yards. 

These  "  Prospecting  Areas  "  are  registered  for  six  months,  when 
they  lapse  ;  but  are  renewable  for  a  further  term  of  six  months  at 
the  discretion  of  the  Warden  of  the  gold-field.  Every  prospecting 
area  must  be  worked  continuously  by  a  holder  or  man  on  his 
behalf,  on  every  working  day  after  three  clear  days  from  date  of 
marking. 

Reward  Claims. 

Under  the  amended  Act  of  1900  and  Regulations,  upon  report- 
ing the  discovery  of  "  payable  gold  "  on  a  "  Prospecting  Area  "  to 
the  Warden  of  the  gold-field,  within  seven  clear  days  of  finding  it,  or 
within  such  time  as  he  deems  reasonable  if  the  find  is  situated  over 
50  miles  from  the  nearest  Warden's  Office,  the  prospector  is  entitled 
to  take  up  a  "  Reward  Claim  "  or  a  "  Reward  Lease  "  (in  addition 
to  the  "  Ordinary  Claims  "  to  which  he  may  be  entitled),  whether  it 
be  on  a  lode  or  on  alluvial,  according  to  the  distance  from  the  nearest 
gold-mine  (other  than  a  "  Prospecting  Area  "),  on  which  operations 
are  being  or  were  carried  on  within  the  previous  six  months. 

If  less  than  1  mile  .....       I 

I^ss  than  3  but  more  than  I  mile   ...       3 

"„       50  ','  10 8 

Over  5oroilei 12 

As  far  as  practicable  the  length  of  an  "  Alluvial  Reward  Claim  " 
shall  not  exceed  four  times  its  width,  and  the  length  of  a  reefing 
"  Reward  Claim  "  shall  not  exceed  twice  its  width  across  the  line  of 
reef.  In  localities  north  of  the  Tropic  of  Capricorn,  the  area  of  a 
reefing  "  Reward  Claim  "  may  be,  but  shall  not  exceed  twice  the 
area  before  specified. 
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The  granting  of  an  "  Ordinary  Claim  "  or  "  Lease,"  to  the  holder 
of  a  Reward  Claim  on  land  adjoining,  cancels  the  obligation  to  work 
the  "Reward  Claim  "(as  must  otherwise  be  done  with  one  man)  ;  so 
long  as  the  labour  conditions  prescribed  for  an  "  Ordinary  Claim  " 
or  "Lease"  are  complied  with,  and  the  granting  of  a  "Reward 
Claim  "  or  "  Lease  "  determines  the  title  to  a  "  Prospecting  Area." 

Re'tvard  Leases  and  Ordinary  Lode  Claims. 


"  Reward  Leases  "  are  granted  to  miners  for  discovering  gold  ii> 
apparently  payable  quantities,  in  any  new  reef  or  lode  not  within  a 
distance  of  3  miles  from  any  gold-mining  lease  or  quartz  clatmr 
that  is  being,  or  has  been  worked  within  six  months  preceding  the 
date  of  application.  The  area  of  a  "  Reward  Lease  "  is  the  same 
as  that  of  an  ordinary  lease. 

In  lieu  of  rent  or  survey  fees,  the  applicant  for  a  "  Reward  Lease  " 
is  required  to  deposit  a  fee  of  los.,  but  in  all  other  respects  the 
regulations  relating  to  ordinary  leases  must  be  complied  with. 

If  a  "  Reward  Lease  "  is  granted,  the  rent  may  be  remitted  ;  for 
5  years,  if  the  Reward  Lease  is  distant  50  miles  from  the  nearest 
gold-mining  lease  or  quartz  claim  worked  within  the  previous  six 
months  ;  for  2  years,  if  distant  over  10  miles  and  under  50 ;  and  for 
I  year,  if  distant  over  3  miles  and  under  10  miles.  The  rent  to  the 
end  of  the  year  then  current  must  be  paid  within  30  days  of  the 
expiration  of  the  term  for  which  the  rent  has  been  remitted,  or  the 
lease  is  liable  to  forfeiture. 

Under  the  "  Late  Regulations  "  an  "  Ordinary  Quartz  Claim  " 
might  not  exceed  75  feet  along  or  parallel  to  the  base  line,  by  a 
width  of  400  feet  in  localities  south  of  the  Tropic  of  Capricorn ;  and 
1 50  feet  by  400  feet  north  of  it ;  and  not  more  than  eight  such 
claims  could  be  worked  conjointly. 

Adjoining  "  Quartz  Claims  "  might  be  amalgamated  to  an  extent 
not  exceeding  sixteen  men's  ground,  or  1200  feet  along  the  base 
line  from  which  they  were  laid  off,  where,  owing  to  natural  diffi- 
culties of  working  them  separately,  or  for  the  sake  of  economy,  it 
was  deemed  advisable  ;  a  regulation  that  still  remains  in  force, 
given  the  consent  of  the  owners  holding  a  two-thirds  interest. 

If  unpayable,  the  claims  might  be  worked  half-handed,  that  is 
to  say,  with  one  man  for  every  150  feet  taken  up  along  the  base 
line  south  of  the  Tropic,  or  one  man  for  every  300  feet  north  of  it 

2   13 


,v  Google 


484  Gold  Mining  and  Milling 

Under  the  amended  Act  of  1900  and  Regulations  the  n 
dimensions  of  an  ordinary  "  Reefing"  or  "  Lode  Claim  "  are : — 

For  one  miner  25  yards  along  the  line  of  the  reef  or  lode  by 
130  yards  across  it;  for  two  miners  50  yards  by  130  yards;  for 
three  miners  75  yards  by  1 30  yards  ;  and  so  on  in  proportion  for  any 
number  of  men  not  exceeding  eight  In  localities  north  of  the  Tropic 
of  Capricorn,  these  lengths  may  be  doubled.  The  width  must  be 
.  marked  off  at  right  angles  to  the  reef  or  base  line,  but  the  whole  or 
any  part  of  such  width  may  be  marked  on  either  side  of  such  line, 
at  the  option  of  the  miner. 

Labour  Conditions  on  Claims. 

Every  "  Lode  "  or  "  Reef  Claim  "  when  not  payable,  must  at  the 
expiration  of  3  days  from  date  of  registration,  be  manned  by  one 
man  for  every  two  men's  ground ;  but  when  apparently  payable,  one 
man  must  be  employed  for  every  one  man's  ground  ;  as  in  the  case 
of  all  other  claims ;  unless  "  exemption,"  or  "  partial  exemption," 
has  been  applied  for  and  granted. 


Tunnelling  Claims. 

These  "  Protection  Areas  "  were  granted  under  the  Late  R^ula- 
tions  in  localities  where  there  was  a  height  of  at  least  100  feet 
above  the  back  of  the  tunnel ;  the  protection  area  allowed  being 
Soo  feet  on  each  side  of  the  tunnel,  with  a  length  of  half  a  mile 
across  the  hill  or  plateau. 

The  dimensions  allowed  for  a  "  Quartz  Claim  "  of  this  class  was 
double  the  area  of  an  "Ordinary  Quartz  Claim,"  provided  any  reef 
discovered  in  the  "  Protection  Area  "  was  at  least  200  feet  from  the 
mouth  of  the  tunnel ;  otherwise  it  is  the  same  size  as  if  "  pegged  " 
on  the  surface. 

The  "  Reward  Claim  "  for  finding  a  payable  quartz  reef  in  any 
such  tunnel,  was,  however,  double  the  size  of  an  ordinary  "  Reward 
Claim,"  with  50  feet  additional  along  the  line  of  reef  for  every 
loo  feet  beyond  200  feet  comprised  in  the  length  of  the  tunnel 
which  led  to  its  discovery.  In  the  present  "  Regulations  "  they  are 
not  mentioned. 


,v  Google 


in   WesUm  Auslralia.  485 

Leases. 

The  area  of  a  "  Lease  "  must  not  exceed  24  acres,  measured,  when 
practicable,  in  the  form  of  a  parallelogram  with  a  maximum  length 
along  the  line  of  reef  not  exceeding  twice  its  width,  and  is  granted 
from  January  i  preceding  the  date  of  application,  for  any  term  not 
exceeding  twenty- one  years. 

It  gives  no  extra-lateral  rights  outside  its  side  and  end  lines 
projected  as  vertical  planes  to  an  indefinite  depth. 

A  yearly  rental  of  2ar,  per  acre,  or  any  fraction  thereof,  has  to  be 
paid  to  the  Government,  and  certain  labour  conditions  must  be 
fulfilled  to  hold  ground  in  this  way. 

In  the  case  of  a  lease  being  granted,  on  ground  not  previously 
held  wholly  or  in  part  as  a  gold-mining  "  Lease,"  for  the  first  twelve 
months,  within  thirty  days  after  the  approval  of  the  Governor  has 
been  notified  in  the  Government  Gazette,  to  efficiently  work  the 
lease  (failing  exemption),  two  men  must  be  employed  continuously 
on  every  working  day,  not  being  a  bank  or  public  holiday. 

After  the  expiration  of  the  first  twelve  months,  one  man  *  for 
every  6  acres,  or  fraction  thereof,  must  be  put  on  to  man  a  lease 
effectively,  unless  "  exemption  "  is  granted  by  the  Warden,  or  by  the 
Minister  of  Mines,  for  specific  and  good  reasons :  such  as  want  of 
capital  (a  fair  sum  having  already  been  expended),  time  required  for 
erection  of  machinery,  influx  or  scarcity  of  water,  scarcity  of  labour, 
the  collapse  of  the  working  shaft,  absence  or  illness  of  owners,  dis- 
puted title,  or  for  some  other  reason,  rendering  the  mine,  for  the  time 
being,  unworkable.  The  Warden  has  power  to  grant  exemption 
for  any  good  and  sufficient  reason  for  one  month,  on  posting  an 
application  at  the  Warden's  office,  and  on  the  lease  or  claim  for,  three 
clear  days  before  the  application  is  heard  ;  and  he  can  grant  four- 
teen days  in  case  of  sudden  emergency  without  any  notice  being 
previously  posted.  In  the  case  of  land  previously  held  wholly,  or 
in  part,  as  a  gold-mining  lease,  the  Regulations  now  require  one 
man  to  be  put  on  for  every  6  acres  or  fraction  within  thirty  days  of 
notification  in  the  Government  Gazette,  of  the  lease  being  approved, 
unless  exemption  or  partial  exemption  from  work  for  the  reasons 
above  stated  has  been  granted.     Men  on  "  tribute "  count   in   the 

*  Prior  (o  1897  the  labour  r«quu«ments  demaaded  the  constant  employment  of  one 
man  Tor  every  three  acres.  The  Minister  of  Mines  is  reported  to  hare  recently  stated  the 
Goremment  was  determined  to  render  every  assistance  to  those  companies  which,  having 
spent  large  sums  in  development  work,  required  breathing  space  lo  enable  then)  to 
prosecute  further  operations.     £rii.  Australasian  Cabli,  Jan.  13,  1903. 
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representation  of  a  lease,  providing  that  a  verified  copy  of  the  tribute 
contract  is  filed  in  the  Warden's  office  wherein  the  lease  is  recorded, 
within  30  days  of  making  such  contract  Eight  hours'  bond  fide 
work  is  required  to  be  done  by  each  man  representing  the  ground, 
and  "  Leases  "  must  be  worked  by  not  less  than  two  men. 

Leases  cannot  be  taken  up  on  public  lands  or  lands  granted  in 
fee,  or  held  under  Government  Lease  or  license  other  than  pastoral 
and  timber  leases  or  licenses  ;  or  that  consist  exclusively  of  alluvial 
ground  (unless  owing  to  special  circumstances  such  as  abandon- 
ment, great  depth,  or  excessive  wetness,  in  the  opinion  of  the 
Minister  of  Mines  they  ought  not  to  be  exempt  from  lease)  ;  or 
upon  land  lawfully  occupied  by  the  holder  of  a  Miner's  Right,  or 
business  area  ;  or  so  as  to  endanger  the  safety  of  buildings,  etc.  on 
surface.  Leases  are  liable  to  forfeiture  at  the  will  of  the  Governor, 
if  the  labour  and  other  conditions  under  which  they  are  granted 
are  not  complied  with  ;  but  no  plaint  can  be  filed  or  proceedings  be 
taken  for  an  aliped  breach  of  "  labour  conditions "  unless  such 
alleged  breach  took  place  within  30  days  next  preceding  the  date 
of  filing  such  plaints.  Proper  notice,  of  intention  to  forfeit  a  lease, 
must  first  be  given  to  the  lessee,  in  the  Government  Gazette  and  by 
notice  posted  outside  of  the  Warden's  office  for  14  days  at  least, 
specifying  the  breach  complained  of.  In  the  case  of  a  first  breach  of 
the  labour  conditions,  it  is  lawful  for  the  Governor  (with  whom  the 
right  of  forfeiture  rests),  to  impose  a  fine  as  an  alternative  penalty. 

Any  number  of  adjoining  leases,  if  the  total  acreage  does  not 
exceed  96  acres,  may  be  amalgamated,  upon  payment  of  a  fee  of 
2ar.  for  each  lease  so  amalgamated,  providing  the  labour  to  be  em- 
ployed in  such  amalgamated  teases  represents  the  sum  of  the  labour 
conditions  required  in  each  separate  lease. 

Business,  residence  and  machine  areas,  tailings  areas,  water 
rights,  and  dam  sites  are  granted  separately  under  special  regula- 
tions, which  are  administered  by  the  various  Wardens  of  the  gold- 
fields,  who  represent  the  Minister  of  Mines  and  act  as  magistrates. 

Anyone  desiring  to  prospect  or  mine  for  gold  must  hold  "a 
miner's  right,"  which  he  can  obtain  (if  not  an  Asiatic  or  African 
alien)  on  payment  of  a  fee  of  ioj.  ;  this  permit  holds  good  for 
twelve  months  from  the  date  of  issue,  when  it  must  be  renewed. 

The  Government  "  Regulations "  lay  down  rules  for  the 
"  pegging."  "  survey,"  "  registration,"  and  taking  possession  of 
claims  and  leases.     Objections  against  granting  leases,  application 
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for  forfeiture,  transfer  of  claims,  and  other  matters  that  are  of  im- 
portance, but  which  I  need  not  enter  into. 

With  the  exception  of  two  points,  which  have  given  rise  to 
trouble  and  controversy,  the  Goldfields  Act  Amendment  Acts 
and  the  Goldfields  P.egulations  seem  to  have  worked  fairly  well. 
The  points  to  which  I  refer,  are  (i)  the  question  of  "dual  title"  ; 
(2)  the  alleged  insecurity  of  tenure  involved  in  the  regulations  under 
which  leases  were  held. 

As  regards  the  dtial  title :  This  trouble  arose  from  the  fact  that 
by  Regulation  103  of  the  former  "  Regulations  "  prior  to  November 
16, 1 89S,  any  miner  desirous  of  entering  upon  a  lease  for  the  purpose 
of  searching  for,  and  obtaining  alluvia!  gold,  could  give  notice  in 
writing  to  the  lessee,  and  within  twenty-four  hours  the  lease-holder 
was  required  to  delineate  on  his  land,  the  line  of  any  reef  or  reefs 
situated  thereon.  This  done,  the  alluvial  miner  was  at  liberty  to 
enter  on  the  lease,  and  work  for  gold,  providing  he  did  not 
approach  within  50  feet  of  the  reef  or  reefs  marked  thereon. 

The  result  on  small  leases  can  be  better  imagined  than  de- 
scribed, although  there  is  no  doubt  that  the  intention  of  the  original 
Act  was  merely  to  permit  the  auriferous  earth  near  the  surface  to 
be  turned  over  by  the  "  dry  blowers,"  the  trouble  arising  from  the 
loose  definition  of  the  term  alluvial. 

Thus,  in  the  original  Act  of  1895,  alluvial  was  defined  as  "any 
loose  soil  earth  or  other  substance,  containing  or  supposed  to 
contain  gold  not  being  a  seam  lode  or  quartz  vein." 

Under  the  Amendment  Act,  dated  October  28,  1898,  it  is  defined 
as  "any  earth  containing  or  supposed  to  contain  gold,  not  being  a 
lode,  dyke,  reef,  or  vein  "  ;  earth  being  further  defined  as  "  clay, 
sand,  soil,  or  other  material  of  an  alluvial  character  or  origin." 

A  far  better  and  more  comprehensive  definition  of  alluvial  is 
given  in  the  Queensland  Act  of  1898,  viz.— ground  containing  gold, 
found  in  detritus,  resulting  from  the  disintegration  of  older  deposits, 
whose  constituents  have  been  brought  into  their  present  position 
by  mechanical  agencies." 

The  discovery  of  the  so-called  "  deep  leads  "  at  Kanowna  and 
elsewhere,  at  depths  varying  from  50  to  150  feet,  gave  an  impetus 
to  explorations  in  search  of  similar  deposits,  and  thus  brought 
matters  to  a  head ;  not  merely  threatening  lease-holders  with 
interference  in-  the  conduct  of  their  operations,  but  with  loss  of 
part  of  their  property. 
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The  position  thus  created  soon  became  recognised  as  intoler- 
able, and  it  was  proposed  to  limit  the  depth  to  which  alluvial 
miners  might  go  to  10  feet ;  but  this  aroused  fierce  opposition  ;  the 
Regulation  which  subsequently  came  into  force  was  merely  a 
compromise,  stating  that  any  alluvial  miner  must  refrain  from 
undue  interference  with  any  bond  fide  lessee,  or  with  any  building 
or  shafts,  which  might  reasonably  be  required  ;  all  disputes  to  be 
determined^by  the  Warden. 

This  Regulation  had  to  be  subsequently  withdrawn  by  the 
Government,  and  Section  11  of  the  Amendment  Act  1898  stated 
that  "after  the  granting  of  any  lease  the  lessee  shall  have  the  exclu- 
sive privilege  of  mining  on  the  land  demised  and  every  part  thereof. 
Section  87  of  the  Gold-fields  Regulations  in  force  provides,  however, 
that  any  miner  desiring  to  enter  any  land  applied  for  as  a  lease,  to 
search  for  alluvial,  may  do  so,  by  serving  the  applicant  for  the 
lease  with  a  proper  notice  of  his  intentions  ;  and  if  within  twenty- 
four  hours  of  such  service,  the  applicant  for  the  lease  shall  not 
have  marked  off  a  portion  of  the  lease  applied  for,  not  exceeding 
\  of  the  area  thereof,  for  the  purpose  of  his  buildings,  shafts  and 
workings,  any  subsequent  marking  off  by  the  applicant  for  a 
lease  shall  be  subject  to  the  rights  acquired  by  any  miner  under 
Section  10  of  the  Gold-fields  Act  1895  Amendment  Act  1898. 
Any  applicant  for  a  lease  who  shall  make,  within  the  boundaries  of 
the  land  applied  for  as  a  lease,  a  new  discovery  of  alluvial  gold, 
must  report  the  same  to  the  Warden  of  the  gold-field  within 
7  days  ;  and  subject  thereto  is  allowed  14  days  from  and  after 
reporting  the  discovery,  to  mark  off  a  "  Reward  claim,"  as  provided 
by  Regulation  15,  on  any  portion  of  the  land  applied  for  as  a  lease, 
not  being  in  lawful  occupation  by  a  miner  under  this  Regulation. 

The  searching  of  every  miner  who  enters  upon  any  lease  under 
Section  10  of  the  Gold-fields  Act  1895  Amendment  Act  1898, 
must  be  confined  for  the  time  being  to  an  area  not  exceeding  the 
area  of  an  ordinary  alluvial  claim,  and  it  must  be  marked  out  in 
like  manner. 

The  correspondent  of  the  Financial  Times,  in  a  letter  dated 
November  18,  1899,  summed  the  existing  position  up  as  follows  : — 
"  The  alluvial  trouble  at  Kalgoorlie  is  still  unsettled,  but  seems  in 
a  fair  way  to  fizzle  out.  Whatever  may  be  the  rights  of  the  question, 
the  amending  Act  of  last  session  effectually  cuts  the  ground  from 
under  the  feet  of  the  alluvialtsts,  who  claimed  the  right  to  enter  upon 
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and  p^  out  claims  on  leases.  Every  recent  decision  in  the 
Supreme  Court  has  gone  in  favour  of  the  leaseholders,  and  now 
every  point  has  been  discussed  that  can  be  raised. 

"The  alluvial  men,  recognising  their  position,  undertook  to  go 
off  the  leases  if  they  were  paid  compensation  for  the  work  they  had 
done.  The  leaseholders  refused  to  pay  because  they  said  the  work 
had  been  done  in  defiance  of  them. 

"  The  Government  was  then  approached  and  asked  to  pay,  but 
the  Premier  declared  that  the  dispute  was  one  which  the  parties 
must  settle  between  themselves  in  the  Law  Courts. 

"  On  Monday  last  the  alluvial  men  actually  resumed  work  on  the 
leases. 

"  Next  day  a  body  of  police  was  sent  out,  and  the  men  have  not 
trespassed  since." 

As  regards  the  tenure  of  leases,  Mr.  C.  J.  Alford,  M.  Inst.  M.M  ,  has 
pointed  out  in  three  letters  which  appeared  in  the  Sydney  Daily 
Telegraph,  published  in  1897,  under  the  auspices  of  the  New  South 
Wales  Chamber  of  Mines,  that  the  first  essential  of  a  mining  law  is 
that,  whilst  it  gives  security  to  the  investor,  who  finds  the  necessary 
funds,  when  he  has  fulfilled  the  conditions  of  his  tenure,  it  on  the 
other  hand,  obliges  him  to  continue  working  the  mine  under  all 
reasonable  conditions,  and  this  is  secured  in  various  countries,  by 
various  means,  but  usually  by  what  are  known  as  the  "  labour 
conditions." 

1.  In  Australia  it  is  effected  by — 

The  permanent  employment  of  a  certain  number  of  men  on 
a  certain  area  of  ground. 

2.  In  the  United  States,  by  the  completion  of  a  certain  value  of 
work  on  the  ground. 

3.  In  Rhodesia,  by  the  completion  of  a  certain  amount  of  work 
on  the  ground. 

Mr.  Alford  instances  the  minute  of  the  Minister  of  Mines  in 
New  South  Wales,  regarding  the  suspension  of  labour  conditions, 
during  the  "  strike  "  some  years  ago,  on  the  property  of  the  Went- 
worth  Proprietary  Co.  at  Lucknow,  to  show  that,  although  it  is 
generally  assumed  that  a  mining  lease  would  not  be  forfeited  without 
just  and  good  cause,  the  Australian  law  admitted  of  doing  so,  depend- 
ing entirely  on  the  individual  view  of  each  case  taken  by  the  Warden 
and  Minister  of  Mines  for  the  time  being.  Mr.  Alford  considers 
that  the  simple  system  of  rental  alone,  without  any  other  conditions, 
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which  has  been  adopted  in  the  Transvaal  is  the  best  of  any,  but  as 
this  is  scarcely  practicable  in  Australia,  he  has  suggested  that,  in 
order  to  overcome  the  difficulty,  it  would  be  better  if  a  small  annual 
rental  were  charged  on  locations  of,  say,  lA  per  acre,  and  that, 
"during  the  first  and  each  succeeding  year  after  location,  the  holder 
should  expend  upon  work  and  machinery  on  the  ground  a  sum 
amounting  to  not  less  than,  say,  :oo/.  per  acre  of  his  location  ;  and 
if  this  fails  to  be  done,  the  rights  are  forfeited.  In  cases  where  the 
mine  can  best  be  developed  by  driving  a  tunnel,  or  doing  other 
work,  or  erecting  machinery  outside  the  limits  of  the  location, 
the  expenditure  on  such  should  count  as  expenditure  on  the 
location. 

"  When  the  holder  shall  have  expended  on  the  ground  in  work 
and  machinery,  a  sum  equal  to,  say,  500/.  per  acre  of  his  area,  he 
should  be  entitled  to  apply  for  and  obtain  a  permanent  lease  or  title 
to  the  mine,  with  the  obligation  only  to  keep  the  boundaries  ade- 
quately beaconed,  and  to  pay  an  annual  rental  of,  say,  lo/.  an  acre  ; 
but  these  titles  should  not  be  granted  to  holders  of  less  than  lO-acre 
blocks."  Carrying  this  idea  a  step  further,  it  seems  to  me,  that  it 
would  be  more  to  the  advantage  of  the  miner,  as  well  as  of  the 
capitalist,  if  instead  of  the  present  system  of  tenure  and  representa- 
tion, the  leaseholder  were  granted  a  "  patent,"  as  it  is  called  in 
America,  after,  say,  joo/.  per  acre  has  been  spent  on  a  lease  (with- 
out increasing  the  rental)  for  the  unexpired  term  of  twenty-one 
years,  as  it  certainly  seems  a  hardship  on  the  mine-owner  that, 
after  having  spent,  say,  10,000/.  and  exhausted  his  capital,  on  a  20- 
acre  block  which  has  turned  out  unpayable,  although  the  circula- 
tion of  this  money  locally  has  benefited  the  district,  the  ground 
should  be  forfeited  beyond  the  chance  of  recovery,  when  by  being 
allowed  to  hold  it  for  a  certain  fixed  period,  either  owing  to  the 
cheapening  of  the  cost  of  working,  which  is  always  naturally 
brought  about  with  the  lapse  of  time,  or  by  giving  him  time  to 
find  more  capital,  he  might  be  able  to  recoup  himself  for  his  initial 
losses,  and  work  the  property  with  profit  to  the  district  and 
himself. 

This  suggestion  might  seem  opposed  to  the  object  of  the  labour 
conditions,  which  are  : — 

r.  To  prevent  the  holding  of  areas  of  mining  ground  unworked. 

2.  To  give  employment  to  the  working  man  (the  one  being  the 

corollary  of  the  other) ;  but  so  far  as  the  employment  of  labour  is 
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concerned,  I  think  it  would  iiave  exactly  the  opposite  effect,  and 
increase  the  demand  for  it. 

It  is  true,  that  the  compulsory  expenditure  of  money  in  the 
country  benefits  the  working  man  to  a  certain  degree,  but  his  real 
interest  lies  in  protecting  capital,  so  that  it  may  be  turned  as  far  as 
circumstances  permit  to  profitable  account ;  looking  a  little  further 
ahead,  it  is  obviously  in  fact  a  most  unwise  policy  to  kill  the  bird 
"  that  lays  the  golden  egg  ; "  and  it  is  to  the  direct  interest  of  labour, 
to  encourage  capital  to  come  and  remain  in  a  colony,  rather  than 
to  drive  it  away  by  harsh  legislation  ;  which  must  inevitably  happen, 
if  the  principleof  confiscating  leases,  on  which  large  sums  of  money 
have  been  spent,  is  enforced. 

Under  the  broader  policy  of  permitting  leases  to  be  converted 
into  freeholds  for  a  term  of  years,  as  is  done  in  the  United  States, 
it  is  probable  that  a  great  deal  more  money  would  be  expended 
in  testing  new  prospects,  and  re-opening  abandoned  mines  (which 
money  would  otherwise  be  diverted  to  some  other  part  of  the  world), 
than  the  amount  of  capital  which  would,  as  a  rule,  be  spent  after 
500/.  per  acre  has  been  expended  on  a  property  without  some  tan- 
gible result.  And,  as  it  must  obviously  be  to  the  advantage,  either 
of  a  company  or  an  individual,  to  open  up  a  good  mine,  or  close 
down  a  worthless  one  as  speedily  as  possible;  it  seems  to  me  a 
reasonable  view  to  take,  that  labour  would  benefit  to  a  much  greater 
extent,  if  such  a  principle  were  adopted,  by  encouraging  capital  to 
stay  in  the  country,  and  fresh  capital  to  flow  in  the  same  direction  ; 
since  capital  always  follows  the  channels  in  which  it  finds  itself  made, 
most  "  at  home."  In  other  words,  like  every  sensible  working  man, 
it  gravitates  naturally  towards  the  places  where  it  is  best  treated. 
The  Government  of  Queensland,  recognising  this  elementary  fact, 
intend,  for  instance,  I  am  informed,  to  bring  in  a  new  mining  bill, 
which  will  provide  an  extension  of  time  for  commencing  operations, 
in  leases  ;  and  they  propose  to  allow  200-acre  leases  to  be  taken  up 
for  sinking  to  4000  feet  or  more. 

The  regulation  and  inspection  of  mines  is  governed  by  the 
amended  Mines  Regulation  Act  of  1895  ;  which  lays  down  various 
provisions  for  insuring  the  safety  of  the  workmen  and  workings ; 
Regulation  23  prescribes  that  clear  and  distinct  signals  shall  be 
used  in  all  metalliferous  mines  in  the  gold-fields,  gold-fields  districts 
and  mining  districts,  to  which  the  Mines  Regulation  Act  applies. 
The  following  general  code  is  one  that  is  in  use :  — 
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Code  of  Sigtiah. 
I— Slop  cage  nhen  in  motion.  [    I  p»use  i — Number 

i-HoisL  I    I      „      2- 

3— Change  to  hoist  from  a  difTerent  level.  ,1      „      4- 

5— Cage  al  liberty.  2      „      1- 

6— Tools.  2      „      2- 

13 — Accident.  2      „      3- 


e  knock  to  stop 


In  Queensland,  one  knock  denotes  to  hoist  ; 
cage  when  in  motion  ;  two  knocks  to  lower  ;  three  knocks  to  speak  ; 
four  knocks  men  getting  on,  and  others  as  arranged. 

GoverftJitent  and  the  Industry, 

The  Government  of  Western  Australia  in  past  times,  like  all 
Governments,  has  had  opponents,  as  well  as  adherents,  who  have 
attacked  it  in  unmeasured  terms  on  the  grounds  that  its  interests 
were  focussed  in  Perth  and  the  squatting  industry,  rather  than  in  the 
gold-fields  and  the  mining  industry ;  the  truth  probably  being, 
that  either  view  is  apt  to  be  coloured  according  as  a  person  looks 
at  the  legislator  through  blue  or  rose-toned  spectacles ;  and  this 
ordinarily  depends  a  good  deal  no  doubt  upon  the  way  in  which  he 
is  affected  by  contemporary  legislation  ;  the  people  on  the  coast 
and  elsewhere  probably  keeping  their  own  particular  interests  in 
sight,  as  much  as  people  on  the  gold-fields,  and  bringing  all  the 
influence  they  can  to  bear  on  them. 

English  shareholders  in  West  Australian  mines  had,  however, 
cause  to  complain  of  the  passing  of  the  Companies  Act  1897 
Amendment  Act  1898;  an  Act  to  amend  the  Companies  Act, 
1893,  ^^  it  ^^^  pointed  out  at  the  time  that  it  would  seriously 
impede  the  conduct  of  business  ;  whilst  some  of  the  clauses  were 
not  only  unworkable,  but  actually  clashed  with  the  provisions  of 
the  English  Companies  Acts. 

It  seems  also  unfair  to  mining  companies  that,  according  to 
Section  20  of  the  Mines  and  Collieries  Regulation  Act,  1895,  "The 
occurrence  of  any  accident  in  or  on  a  mine  shall  h^  prima  facie 
evidence  of  neglect  on  the  part  of  the  owner  and  the  manager," 
placing  mines  on  a  different  footing  from  other  undertakings,  and 
throwing  the  onus  of  proof  on  the  defendant,  a  position  contrary 
to  the  spirit  of  British  law. 

The  imposition  of  a  tax  of  5  per  cent  on  all  mining  profits 
has  not  unnaturally  been  complained  of  by  British  investors,  as  a 
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part  of  such  profits  is  liable  to  be  expended  in  the  development  of 
the  mines  ;  but  it  is  stated  that  when  the  Dividend  Duties  Bill  is 
re-enacted  on  January  1,  1903,  provision  is  to  be  made  that  mining 
companies  carrying  on  business  in  the  State  will  pay  5  per  cent, 
on  the  dividends  declared  alone  ;  and  if  carrying  on  business  else- 
where, 5  per  cent,  on  all  profits  made  in  Western  Australia  ; 
which  seems  a  much  more  equitable  arrangement ;  but  the  Queens- 
land Act  is,  I  believe,  a  more  liberal  one  ;  so  much  of  the  dividends 
as  are  required  to  return  to  the  shareholders  the  sum  actually  spent 
on  the  development  of  the  mine,  and  three-fourths  of  the  amount 
spent  on  machinery,  being  exempt  from  taxation. 

Within  the  Colony  much  dissatisfaction  has  been  caused  by  the 
laissez-faire  attitude  of  the  Government  in  the  matter  of  the 
Esp^rance  Bay  Railroad  ;  as  it  is  thought  that  Western  Australia 
would  be  benefited  by  being  more  closely  connected  with  the 
Eastern  Colonies  (and  no  doubt  some  day  a  line  will  be  buiit  con- 
necting Fremantle,  Kalgoorlie,  and  Port  Augusta) ;  in  consequence 
of  the  establishment  of  preferential  railway  rates  on  the  coastal, 
as  compared  with  the  gold-fields  Hnes  (of  which  mention  has 
already  been  made) ;  as  well  as  in  regard  to  sundry  duties  that 
were  levied  on  meat  and  other  articles.  An  export  tax  of  ^s.  a 
ton  was  imposed  •  on  ore  smelted  outside  of  the  Colony,  which  was 
in  the  nature  of  "  a  bounty  "  :  but  there  was  no  duty  on  the  export 
of  "  concentrates." 

Federation  with  the  various  Australian  Colonies  (the  Common- 
wealth Bill),  which  seems  a  step  towards  the  idea  of  Imperial 
Federation,  at  one  time  bade  fair  to  split  the  Colony  in  two,  and 
the  opposition  it  encountered  promoted  a  demand  for  the  separa- 
tion of  "  the  gold-fields "  from  the  rest  of  Western  Australia. 
Further,  the  miners  have  not  unnaturally  felt  aggrieved  that,  whilst 
there  were  two  gold-fields  seats  with,  it  was  said,  nearly  18,000 
electors  on  the  roll,  there  were  15  agricultural  or  semi-agricultural 
seats,  with  a  total  of  only  6678  electors. 

Mine  managers  have  complained,  I  believe,  that  the  regulations 
in  reference  to  boiler  inspection  are  capable  of  improvement ;  and 
inconvenience  was  likely  to  be  caused  by  a  proposed  new  regulation 
relating  to  the  number  of  men  (viz.  four)  allowed  to  be  lowered 
in  a  cage  at  one  time  ;  many  of  the  mines  having  made  adequate 

*  This  duty  has,  I  undentand,  been  receDlI;  removed.  Stalitt,  Odober  iS,  1002, 
p.  658. 
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provision  for  carrying  six  or  more ;  the  loss  of  time  and  power 
thus  involved  being  a  serious  matter. 

The  action  of  the  Government  in  proclaiming  forest  reserves 
along  the  branch  railway  used  by  the  West  Australian  Gold- Fields 
Firewood  Supply  Company,  also  created  grounds  for  protest 
amongst  mine-owners,  although  it  was  supported  by  the  smaller 
contractors,  who  bring  most  of  their  wood  in  by  team. 

"The  Industrial  Conciliation  and  Arbitration  Act  of  I900,"  was 
another  legislative  "  bill "  presented  to  mine-owners  as  a  "  bon-bon," 
for,  whilst  no  one  can  question  the  value  of  Conciliation  Boards,  such 
as  have  been  created  in  Great  Britain,  for  smoothing  differences 
that  may  from  time  to  time  arise  between  the  labour  Unions  and 
employers  of  labour  ;  this  proposed  Act,  if  I  am  rightly  informed, 
contained  provisions  which  seemed  more  calculated  to  cause 
trouble  than  to  remove  it ;  and  therefore  as  originally  drafted  it 
was  thought  that  it  would  be  likely  to  have  a  most  mischievous 
effect  on  the  mining  industry  of  the  Colony. 

For  example,  one  of  its  clauses  appears  to  have  intended  to  set 
up  the  principle  that  seven  workmen  could  form  themselves  into  an 
association,  for  the  purpose  of  contesting  with  employers  any 
question  in  which  they  might  consider  their  rights  as  workmen 
affected  ;  and  in  case  of  an  employer  dismissing,  for  any  good 
reason,  any  man  in  his  employ,  it  is  provided  that  he  should  be. 
paid  full  wages,  and  could  not  be  suspended  or  discharged  until 
such  time  as  the  Board  of  Conciliation,  and  possibly  the  Court  of 
Arbitration,  dealt  finally  with  the  matter,  any  contravention  of  this 
provision  laying  the  contravener  open  to  a  heavy  line. 

Further,  it  was  proposed,  I  believe,  that  no  counsel  or  solicitor 
should  be  allowed  to  appear  before  a  Board,  and  anyone  armed 
with  the  authority  of  the  Board  might  enter  any  mine  or  office, 
and  inquire  into  and  generally  overhaul  a  company's  affairs,  dictat- 
ing questions  to  anyone  on  the  premises,  or  on  any  matter  the 
inquirer  might  deem  fit,  refusal  to  answer  such  inquiries  rendering 
the  company  liable  to  a  fine  of  50/.  for  every  such  refusal. 

The  "  Workmen's  Compensation  Act "  is  also  a  new  Act  of  so 
stringent  a  nature  that  the  Insurance  Companies,  I  am  informed, 
raised  their  rates  from  5j.  6d.  per  100/.  to  301.  per  100/.  The 
"  Industrial  Conciliation  and  Arbitration  Act  of  1902 "  seems, 
however,  to  have  worked  satisfactorily. 

On  the  other  hand,  however,  it  must  be  admitted  that  successive 
Governments  have  done  a  good  deal  to  aid  the  mining  industry. 


,v  Google 


in  Western  Australia.  495 

which  is  the  real  backbone  of  the  Colony,  and  the  following  items 
must  be  placed  to  their  credit 

An  excellent  telegraph  system  has  been  laid  down  throughout 
the  fields ;  the  Fremantle-Coolgardie  railway  has  been  extended 
to  Kanowna,  Menzies,  and  elsewhere;  and  several  of  the  northern 
fields  have  been  placed  in  railway  communication  with  the  coast. 
Large  amounts  have  been  expended  all  over  the  fields  for  reservoirs, 
schools,  Government  offices  and  buildings,  and  upon  the  Coolgardie 
water  scheme. 

Further  than  this,  the  Government  has  established  "  public 
crushing  batteries "  ■  with  a  view  to  enable  working  miners  to 
develop  the  various  small  "  shows  "  owned  by  parties  of  working 
men,  scattered  all  over  the  country  ;  although,  as  a  general  rule 
elsewhere,  this  is  left  to  private  enterprise;  and  it  may  be  added 
generally  works  quite  satisfactorily,  in  districts  where  a  large 
number  of  small  mines  are  grouped  together. 

It  has  established  a  Mint  in  Perth,  and  has  done  much  to  ad- 
vance the  mineral  industries  of  the  Colony,  by  subsidising  "  borings  " 
and  by  spreading  knowledge  abroad  regarding  Its  mineral  resources. 

The  improvement  of  the  harbour  of  Fremantle,  to  enable 
maiUboats  and  large  steamers  to  call  there  without  difficulty,  is  also 
an  object  on  which  money  has  been  well  spent. 

The  Commonwealth  Tariff  introduced  into  the  Federal  House 
of  Representatives  on  October  8,  1901,  foreshadowed  a  moderate 
general  policy  of  "  protection,"  which  it  was  said  would  not  destroy 
existing  industries,  but  would  not  foster  exotic  one-man  industries  ; 
and  would  not  make  any  sweeping  changes  in  the  rates  that 
formerly  obtained. 

The  Government  proposed,  also,  to  introduce  a  system  of 
bonuses  to  encourage  the  establishment  of  new  industries,  especially 
on  locally  smelted  iron  and  locally  made  machinery,  upon  the 
following  lines : — 

Pig  iron,  1 2s.  per  ton,  if  manufactured  from  Australian  ore ;  and 
on  that  made  from  ore  containing  50  per  cent.  Australian,  6s,  per  ton. 

On  steel  ingots  made  in  Australia  from  Australian  pig-iron  it 
was  proposed  to  offer  6s.  per  ton  bonus. 

The  bonuses  to  commence  in  July  1902,  and  be  payable  only  to 
works  capable  of  producing  100,000  tons  annually  ;  to  be  limited 
to  150,000  tons  of  machinery. 

*  Tbe  idc4  hu  been  recently  mooted  alao,  for  Ihe  GoTetnment  to  provide  "  portable 
bitteries,"  for  toting  new  localities. 
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The  Financial  Times  of  October  1 1,  gave  a  comparative  table 
of  the  duties  that  formerly  obtained  in  the  different  Australasian 
Colonies,  and  full  details  of  the  Federal  tariff  as  originally  submitted, 
and  passed,  were  given  in  its  issues  of  November  ii  and  19,  igoi. 

The  increased  taxation  upon  mining  operations  is  shown  in  the 
following  table  given  in  the  Financial  Times  •  which  shows  the 
difference  in  duty  under  the  old  and  proposed  tariffs  upon  material 
commonly  used  by  mining  companies  ;  and  it  was  proposed  to  make 
the  duties  retrospective  to  October  1901,  which  it  has  been  pointed 
out  would  inflict  a  serious  hardship  on  people  who  had  entered  into 
contracts  for  machinery  prior  to  that  date,  which  had  not  been 
delivered ;  it  means  that  it  would  cost  many  mines  largely  in- 
creased sums  for  the  erection  of  new  plant,  involving  in  one  case 
mentioned,  where  designs  for  the  erection  of  a  plant  were  in  course 
of  preparation,  9700/. 


MUcrial. 

Old  Tiuiff. 

PTO|»Kd  Hew  Tans'. 

Mining  macbiDerj 
Bar  iron  »nd  sl«i         . 

5  per  ccDt. 

.     as  per  <*ni. 

free 

Tram  rails 

free 

.     15      .. 

Coke 

free 

.     4J.  per  ton. 

Nails 

free 

.     jf.  per  cwt. 

BoJu  and  nuts     . 

free 

ao  per  cent. 

Sheet  lead  and  piping  . 

free 

.    ■is.  bd.  pet  cwt. 

Plain  iron   .         .         . 

free 

1 5 J.  per  ton. 

Fuse  .... 

free 

.     1/.  p«  doL  coils. 

A  substantial  increase  in  duty  was  also  proposed  on  building 
materials,  notably  on  doors  and  iron. 

The  Kalgoorlie  correspondent  of  the  Financial  Times,  in  a 
letter  dated  Oct.  19,  1901,  pointed  out  that  this  increase  in  taxation 
would  hit  the  mining  industry  of  Western  Australia  very  hard,t 
giving  figures  furnished  by  one  of  the  biggest  mines  on  the  field, 
which,  although  only  approximate,  convey  a  very  fair  idea  of  what 
the  increase  in  taxation  would  mean  to  a  mine  carrying  on  exten- 
sive operations.  The  figures  are  based  on  the  mine's  consumption 
for  the  previous  six  months. 


UUs      . 
CheniicaU     . 

0C5 
759 

Bolls  and  nuts 

314 

Tram  rails     . 

51 

I^pes  and  litlingt 

■      "733 

Galvanised  iron 

:    % 

Iron  and  steel 

Machinery    . 

.       SS66 

filler  cloih  . 
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•  Financial  Tima,  Nov.  ig,  1901. 
t  This  question  is  discussed  in  on  article  in  the  FinaHcia/Z/invs  of  Dec  i, 
gave  the  caneaC  duly  on  a  number  of  different  articles. 
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In  this  particular  instance  the  management  estimated  that  the 
increased  cost  all  round  on  ore  treated  would  be  about  is.  lod.  per 
ton.  "  Taking  all  the  Kalgoorlie  mines,  however,  into  consideration, 
a  more  conservative  estimate  would  perhaps  be  u,  Sd.  per  ton,  and 
when  it  is  considered  that  Kalgoorlie  treats  about  60,000  tons  ot* 
ore  per  month,  it  will  be  seen  that  the  tax  is  no  light  one." 

"The  heaviest  item  in  the  list  is  the  25  per  cent,  duty  on  im- 
ported machinery,  and  this,  to  a  mining  community  where  it  is 
absolutely  necessary  to  obtain  the  very  best  machinery,  is  a  very 
stiff  imposition. 

"  The  idea  is,  of  course,  to  give  Colonial  manufacturers  a  chance, 
but  there  is  no  getting  away  from  the  fact  that,  in  the  matter  of 
certain  mining  machinery  at  any  rate,  the  Colonial  stuff  cannot 
touch  that  manufactured  in  England  or  America."  "The  Colonial 
makers  will  take  years  before  they  can  arrive  at  the  standard 
reached  by  such  a  firm  as  Fraser  and  Chalmers,  whose  stamp  mills 
are  regarded  out  here  as  being  the  very  best  obtainable." 

"The  reason  for  this  inferiority  on  the  part  of  the  Colonial  stuff 
is  that  the  Colonial  manufacturers  have  not  such  a  big  output  for 
their  goods,  and  consequently  cannot  afford  to  retain  the  services 
of  machinery  experts,  such  as  are  to  be  found  in  the  English  and 
American  factories.  The  mine  managers  and  mining  engineers 
on  the  field  know  the  value  of  good  machinery,  and  they  will  only 
have  the  very  best,  even  if  they  have  to  pay  a  25  per  cent,  duty 
on  it.  Apart  from  the  heavy  impost  on  imported  machinery,  the 
tariff  is  a  fairly  reasonable  one,  but  at  the  same  time  it  must  neces- 
sarily increase  the  already  high  cost  of  living  in  this  State." 

The  duty  on  mining  machinery  was  subsequently  fixed  at 
J  5  per  cent.,  but  an  influential  deputation  which  waited  on  Sir 
Edmund  Barton  on  August  6  last,  called  attention  to  the  need  for 
a  reduction*  in  this  and  other  items  on  the  tariff  (such  in  particular 
as  oil).  As  showing  the  importance  of  this  matter,  Mr.  C,  A.  More- 
ing  mentioned  the  fact,  that  the  mines  controlled  by  his  firm  alone, 
were  paying  some  300,000/.  per  annum  (or  mining  stores.  The  desir- 
ability of  a  uniform  rate  for  cable  messages  and  an  accelerated  mail 
service  was  also  pointed  out.  The  need  of  Government  assistance 
in  regard  to  railway  rates  and  import  duties,  was  dealt  with  in  an 
article  in  ihc  Financial  Times  of  December  18, 1932,  which  amplifies 
several  matters  the  Author  has  referred  to. 

•  Thi«i  premier!  duly  ii  ijj  |)ec  rent. 
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Western  Australia  is  essentially  democratic,*  but  its  democracy- 
is,  perhaps,  more  largely  tempered  than  some  of  the  other  Colonies 
by  a  rec(^nition  of  the  benefits  which  capital  confers,  and  of  the 
rights  that  it  possesses  in  common  with  labour. 

Furthermore,  a  strong  undercurrent  of  loyalty  and  regard  for 
the  Old  Country  undoubtedly  exists  in  Australia,  as  witnessed  by 
the  splendid  way  in  which  contingent  after  contingent  of  their  sons 
were  sent  to  South  Africa  during  the  war ;  and  this  feeling  of 
reciprocal  goodwill,  backed  by  mutual  necessity,  will  assuredly 
grow  with  Federation,  provided  British  policy  is  shaped  on  clear 
and  firm  lines,  and  Colonial  interest  and  susceptibilities  are  con- 
sidered and  studied  with  those  of  the  Empire  as  a  whole ;  as  the 
masses  of  the  people  are  becoming  more  highly  educated,  and  are 
consequently  less  and  less  disposed,  like  people  at  home,  to  swallow 
large  doses  of  political  and  social  cant,  administered  by  political 
cranks,  and  professional  agitators. 

Professing  reformers  have  indeed  so  frequently  failed  to  cure 
their  ailments,  that  they  prefer,  I  believe  as  a  rule,  to  judge  what 
is  best  for  themselves,  and  take,  on  the  whole,  a  wider  view  of  their 
Imperial  obligations  than  can  be  obtained  from  the  mere  spout  of 
the  "  parish  pump." 

Moreover,  I  venture  to  think  that  capitalists  and  managers  of 
works,  all  the  world  over,  realise  more  generally  than  is  supposed, 
that  their  duties  and  obligations  towards  their  employees  do  not 
end  with  paying  the  workman  a  living  wage  and  looking  properly 
after  his  safely  ;  and  owners  of  mines  and  industrial  undertakings 
happily  recognise  that  the  best  means  to  promote  cordial  relations 
between  capital  and  labour,  which  arc  vital  to  both,  is  to  cultivate 
that  spirit  of  mutual  goodwill  and  friendly  regard,  which  formerly 
so  largely  subsisted  between  landlord  and  tenant  on  almost  all  lai^e 
estates  in  England  ;  in  consequence  of  the  personal  interest  that  the 
proprietor  took  in  the  advancement  and  welfare  of  his  employees, 
who  in  return  voluntarily  did  a  fair  day's  work  for  a  fair  day's  pay. 

Drawbacks  Jrovt  ivhich  Mining  suffers. 
I  have  already  enumerated  a  good  many  unavoidable  difficulties 
that  have  been  encountered,  but  the  industry  in  Western  Australia, 
if  report  is  to  be  credited,  has  not  been  exempt  from  others  of 
a  preventable  character  with  which  mining  elsewhere  has  been 
saddled  in  the  past ;  amongst  which  might  be  named :  the  flotation 
was  proposed,  I  believe,  lo  place  on  Ihe  roll  of  electois 
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of  companies  on  "  salted  "  or  "  pickled  samples  "  submitted  to  some 
so-called  "  expert,"  who  perhaps  never  saw  the  property,  or  for  that 
matter  a  niine,  in  his  life.  And,  it  may  be  added,  the  art  of"  salting"* 
covers  as  many  tricks  as  a  Chinaman  is  supposed  to  know ! 

Valuations  based,  in  other  cases,  on  the  supposition  that  the 
richer  outcrops  represented  the  average  value  of  quartz  reefs  in 
depth  (which,  as  a  rule,  they  do  not) ;  and  estimates  made  upon 
crushings  consisting  of  "  sorted  stone,"  in  no  way  typical  of  the 
average  value  of  the  reef  they  were  supposed  to  represent  The 
extraordinary  demand  on  the  part  of  European  promoters  for 
properties  at  any  price,  in  order  to  form  them  into  companies,  to 
which  middle-men  have  been  apt  to  tack  on  a  quite  unjustifiable 
premium  ;  properties  hastily  acquired  without  proper  examination' 
and  "  shepherded  "  merely  with  a  view  to  form  subsidiary  companies, 
before  they  have  even  been  properly  prospected ;  the  premature 
abandonment  of  good  "  prospects  "  ;  the  over-capitalisation  of  com- 
panies which  could  only  hope  to  earn  dividends  if  worked  on  a 
small  scale  in  the  most  economical  manner  possible  ;  insufficiency 
of  working  capital,  and  the  assignment  of  an  undue  proportion  of 
fully  paid  shares  to  vendors  and  others  ;  ihe  circulation  of  misleading 
reports,  either  of  rich  strikes,  impoverishmeni:  in  depth,  flooding 
with  water,  or  some  other  circumstance,  affording  an  excuse  to  rig 
the  market  in  some  "  bull "  or  "  bear  "  interest ;  inadequate  or  too 
slow  development ;  premature  erection  of  machinery  for  the  existing 
requirements  of  the  mine,  or  the  purchase  of  unsuitable  plant ; 
"  picking  the  eyes  "  out  of  a  property ;  understating  the  tonnage 
of  ore  milled  for  a  given  yield  of  gold  ;  reporting  ounces  of  bullion 
like  ounces  of  gold  ;  delay  in  some  cases  in  publishing  news  from  the 
mines,  in  others,  circulating  it  prematurely  ;  neglect  to  provide  a 
sinking  fund  for  the  redemption  of  ore  extracted,  so  as  to  keep 
sufficient  capital  in  hand  for  future  development,  and  distributing 
dividends  up  to  the  hilt ;  omitting  not  only  to  make  provision  for  the 
amortisation  of  capital  spent  on  development,  but  for  depreciation 
of  machinery ;  careless  sampling  and  supervision  of  labour ;  over- 
optimistic  reports  in  regard  to  developments,  etc. ;  payment  in  some 
cases  of  inadequate  salaries  to  men  in  responsible  positions,  inviting 
inefficient  management  and  speculation  on  the  part  of  highly 
placed  employees  ;  failure  to  ascertain  what  work  has  cost  and  is 
actually  costing  ;  managers  trusting  too  much  to  subordinates ; 
clinging  to   worthless   properties,   without   sufficient   prospect  to 

•  ^^r 'Mining  Etporls' «nd  '  Mine  Salting,' by  W.  McDennott,  Tram,  and  1ml, ef 
MitttHg  and  Atitalltirgy,  i<i.  iii. 
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warrant  a  further  expenditure  of  capital  upon  them  ;  chai^ng  to 
capital,  items  of  expenditure  which  ought  to  be  properly 
charged  against  revenue : — such  are  some  of  the  difficulties  and 
evils  that  have  been  laid  to  the  charge  of  mining  in  the  past, 
against  which  industry  and  the  profession  have  had  to  contend. 

As  Mr.  S.  Herbert  Cox,  A.K.S.M.,  has  remarked  :  ■  "  In  a  gold- 
mine we  should  know  the  value  of  the  ore  treated,  the  percentage 
saved  by  amalgamation,  by  cyaniding,  by  concentration,  and  by 
slime  treatment,  and  the  cost  of  each  operation.  We  should  also 
make  ourselves  acquainted  with  the  losses  which  occur  at  each  step  in 
the  process  of  extraction,  and  compare  these  with  the  final  differ- 
ence between  the  assay  value  of  the  ore  sent  to  the  mill,  and  the 
actual  extraction."  The  quantities  milled,  cyanided,  or  otherwise 
treated  should  be  known  and  kept  separate ;  "  calculating  even- 
tually, the  average  yield  and  value  on  the  basis  of  the  mill  output." 

"  Economy  in  work  should  be  the  order  of  the  day  ;  machinery 
should  replace  hand-labour  wherever  it  is  possible,  more  especially 
where  the  cost  of  labour  is  high  ;  piece-work  should  replace  day- 
work  wherever  it  is  practicable  ;  and  in  nearly  every  case,  it  should 
be  the  aim  of  a  manager  to  develop  and  treat  lai^e  quantities  of 
low-grade  ore,  in  preference  to  selecting  small  quantities  of  ore  of 
high  tenure," 

"  In  a  word,  if  we  wish  the  best  possible  results  to  be  obtained, 
we  must  practise  economy,  a  constant  supervision  of  costs  in  every 
department,  and  an  everlasting  investigation  of  weak  points  in  our 
methods  of  treatment ;  we  must  adopt  improvements  as  soon  as 
we  are  convinced  that  the  need  for  them  exists;  and,  above  all 
things,  when  we  find  that  any  process  is  a  failure,  we  must  discard 
it,  even  if  it  is  difficult  to  admit  that  we  have  been  wrong." 

Mr.  John  Hays  Hammond,  M.  Inst,  M.M.,  shows  the  importance 
of  large  outputs  in  a  statement  he  made  in  the  Report  of  the  Con- 
solidated Gold-fields  of  South  Africa,  1898,  p.  14, 

"The  interests  of  mining  companies  are  best  subserved  by 
working  the  lowest  grade  of  ore  compatible  with  the  size  of  the 
batteries,  the  dividends  required,  etc. 

"  It  is  to  the  recognition  of  this  fact,  and  the  adoption  of  this 
policy  by  our  mining  companies,  that  the  tonnage  per  claim  has 
been  greatly  augmented,  and,  in  spite  of  the  seeming  paradox 
involved,  'that  the  larger  the  batteries  the  longer  the  lives  of  the 
mines,'  the  statement  has  become  an  adage  on  the  Rand.  Of  course 
this  statement  has  its  limitations. 

*  PresiiJenlial  AilJress,  Trans.  Iiisl.  ^f  Mining  and  Mclatiuti^,  vol  vii. 
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"  In  accordance  with  this  policy,  therefore,  ores  of  a  grade 
heretofore  too  low  to  admit  of  working  are  now  profitably  exploited, 
with  the  result  in  some  instances,  of  an  apparent  falling  off  in  the 
value  of  the  ore  in  certain  mines."  Care  must,  however,  be  taken 
to  see  that  unpayable  ore  is  not  mined  merely  for  the  sake  of 
securing  a  larger  output 

A  point  also  of  much  importance  to  mine  shareholders  is  to  so 
regulate  the  output  as  to  avoid  sudden  and  violent  fluctuations  in 
the  mill-returns,  the  proper  policy  to  aim  at,  being  to  raise  them  if 
possible,  gradually  but  steadily. 

In  its  issue  of  Februarj'  9,  1901,  the  Statist  discussed  several 
matters  of  general  concern  to  mine-owners,  pointing  out  the  advan- 
tages which  would  result  if  an  amalgamation  of  interests  could  in 
some  instances  be  brought  about ;  the  main  points  in  favour  of 
such  a  policy  being  the  saving  in  cost  that  would  be  effected  (i)  by 
reducing  the  number  of  shafts  that  have  to  be  sunk  to  work  a 
given  area  of  ground  which  might  be  easily  developed  and  mined 
from  a  lesser  number  if  they  were  centrally  situated ;  (2)  by  the 
centralisation  of  reduction  works  ;  (3)  by  the  distribution  and 
supply  of  power  on  the  most  economical  lines  ;  (4)  by  saving  in 
management  and  administration  expenses ;  and  (5)  by  giving 
assurance  of  a  longer  lease  of  life  to  the  various  companies. 

Owing  to  the  small  acreage  of  many  of  the  West  Australian 
leases,  there  is  comparatively  little  room  for  surface  works  and 
tailings  dumps,'  and  a  judicious  amalgamation  of  several  properties 
would,  no  doubt,  in  some  cases  be  of  advantage  to  all  concerned  ; 
as  a  large  central  mill  and  one  main  shaft  might  take  the  place  of 
several  small  ones,  and  other  economies  could  be  effected  by 
reducing  the  number  of  heads  necessary  for  several  independent  con- 
cerns :  permitting  better  salaries  to  be  offered,  and  thus  not  only 
securing  the  best  available  technical  skill,  but  taking  the  most 
effectual  means  to  remove  the  desire  which  managers,  like  other 
people,  are  prone  to — viz.  to  acquire  a  rapid  fortune  by  private 
speculation.  It  would  seem,  however,  inadvisable  to  extend  the 
operations  of  one  company  over  more  than  a  certain  area. 

As  Bergrath  Schmeisser  said  :t  "The  European  capitalist,  who 
is  desirous  of  investing  his  capital  in  Western  Australian  mines, 

*  It  has  been  suggested,  I  believe,  in  this  connection,  that,  given  a  sufficient  supply  of 
water,  arrangements  might  be  made  by  the  diflerenl  companies  to  construct  a  main  ditch 
01  flume  thiough  which  valueless  tailings  could  be  sluiced  away  down  towards  the  Lake ; 
but  without  a  proper  survey  it  is  imjwssible  to  lay  whether  this  would  be  feasible  or  not ; 
apart  fiom  the  question  of  cost,  waste  of  water,  and  the  use  of  tailings  for  Ailing. 

t  Tht  Prtsmt  Position  sf  thi  Gold  Mining  Industry  of  IValirn  Australia,  p.  14. 
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should  first  weigh  all  the  facts  and  statements  in  the  most  careful 
manner,  before  too  confidently  rushing  into  speculations  which 
have  been  recommended  by  some  unknown  gentleman,"  who  merely 
on  his  own  ipse  dixit  poses  as  an  "  expert." 

Managers  of  proved  competency  should  be  given  as  free  a  hand 
as  possible,  as  it  is  a  mistake  to  interfere  too  much  in  local  de- 
tails when  a  Board  is  situated  in  distant  centres  like  London,  or 
elsewhere,  although  the  advice  of  any  firm  of  London  Consulting 
Engineers  of  'Standing  (of  which  there  are  quite  a  number)  would 
often  save  English  companies  from  making  costly  mistakes,  and  be 
helpful  to  the  management  in  explaining  technical  matters  which  a 
Board  of  Directors,  although  they  may  be  first  class  business  men 
(being  but  seldom  possessed  of  professional  knowledge)  are  not 
always  able  to  follow  without  useless  and  lengthy  correspondence, 
involving  great  loss  of  time  ;  hence  it  affords  Boards  of  Directors 
the  only  possible  means  of  protection  against  one  of  the  most 
common  dangers  incurred  in  Joint  Stock  enterprises,  upon  which 
Mr.  Geo.  C,  Brodrick  commented,  in  the  Nineteenth  Century.' 
An  occasional  visit  of  inspection  by  the  Consulting  Engineer  is 
obviously,  moreover,  the  most  practical  form  of  control  that  can 
be  exercised  over  the  conduct  of  an  engineering  undertaking,  of 
a  business  character,  such  as  a  mine,  situated  abroad. 

Expecting,  as  1  do,  to  see  many  of  the  disabilities  and  dis- 
advantages under  which  West  Australian  mines  have  had  to 
contend  in  the  past,  removed  in  the  future,  I  believe  Western 
Australia  offers  every  prospect  of  rewarding  the  pluck  and  con- 
fidence with  which  people  have  invested  capital  in  many  of  its 
mines ;  and  it  is  sincerely  to  be  hoped,  for  the  sake  of  the  mining 
industry  in  general,  that  the  public  will  reap  a  golden  harvest  from 
many  of  them. 

Ore  Reserves  and  Lives  of  the  Mines. 

For  reasons  I  have  already  explained  (and  people  have  had 
painful  experience  of  the  fact),  it  is  an  extremely  difficult  matter 
to  arrive  at  figures,  which  afford  a  basis  for  close  valuation,  or  for 
estimating  the  life  of  the  mines  in  the  Kalgoorlie  field.  It  is 
true  it  can  be  done  on  the  Rand,t  thus  enabling  one  to  determine 
whether  the  market  price  placed  on  any  particular  share  is  above 

•  'A  Nnlion  of  Amattuta,'  by  the  Hon,  Geo.  C.  Brodrick.  Niiultailk  Century, 
Oct.  1900. 

t  An  rxcdlenl  "  paper  ''  on  this  subject  has  been  recently  contributed  to  the  Tramae- 
lioHt  of  tbe  Institution  of  Mining  and  Metallurgy  (Oct.  190s),  entitled,  '  An  eslimale  of 
the  Gold  Production,  and  Life  oflhe  Main  Reef  Zones  WitwalerBraod  down  to  6000  ft.,' 
by  Tlicimas  Haiglit  Leggett  and  Frederick  H.  Hatch. 
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or  below  its  proper  intnnsic  value ;  *  but  apart  from  reasons  of  a 
technical  nature  which  makes  "sampling,"  a  particularly  difficult 
matter ;  an  important  difference  which  distinguishes  the  two  cases, 
is  that  the  Kalgoorlie  formations  are  more  or  less  vertical,  whilst 
the  "banket  reefs"  are  comparatively  "flat."  This  feature  gives 
West  Australian  shares  a  speculative  co-efficient  of  value  which 
it  is  impossible  to  assess,  as  it  affords  prospects  of  an  indefinite 
and  possibly,  in  certain  cases,  a  longer  term  of  life,  than  some  of 
the  properties  on  the  Rand,  which  have,  so  to  speak,  a  fixed  limit 
of  existence ;  depending  on  the  area  of  unworked  ground  each 
individual  company  hoids,  and  the  dip  of  the  reef;  but  the  larger 
mining  areas,  and  the  greater  length  and  regularity  of  the  gold 
shoots  in  the  Witwatersrand  generally  counterbalances  this  advan- 
tage, although  they  have  neither  the  width  nor  richness  oi  some  of 
the  Kalgoorlie  formations. 

Another  difference  in  the  two  cases  is  that,  whilst  on  the  Rand 
you  can  only  figure  on  a  certain  number  of  payable  auriferous 
reefs,  which  are  known  to  traverse  the  various  properties,  the 
number  of  separate  formations  carrying  ore-bodies  of  a  payable 
nature  which  exist  in  different  Kalgoorlie  properties,  cannot  as  yet 
be  said  to  be  definitely  known.  This,  therefore,  more  or  less 
favourably  affects  their  "  speculative  co-efficient  of  value,"  by 
rendering  the  sudden  and  to  some  extent  unexpected  discovery 
of  new  and  important  bodies  of  ore,  not  only  possible,  but  probable  ; 
although  no  actual  allowance  can  be  made  for  them,  in  reckoning 
the  quantity  of  ore  in  sight  and  in  actual  reserve,  which  may  be 
calculated  upon  at  any  given  time. 

I  will  merely  take  one  example  to  illustrate  this  :  under  the 
head  of  ore-bodies  partially  developed.  The  report  of  the  Lake 
View  Consols  for  1899  stated  that  a  crosscut  run  west  at  the 
200-feet  level  through  the  north  block  (which  adjoins  the  Perse- 
verance boundary  north  of  it)  to  the  Great  Boulder's  east  boundary 
(a  distance  of  670  feet)  passed  through  the  following  ore-bodies. 

The  main  reef  at  the  point  where  the  cross-cut  started  had  a  width 
of  40  feet  and  assayed  18  dwt.  per  ton.  . 

44  ft.  west  of  ihe  main  reef  an  ore  body  6  h.  wide,  assaying  7  dwt.  1      per 

15s  ,,  .,  „  7         ,,  ,,  1  01.  6  dwt.|     was 

310  „  „  „  6         ,,  „  7-18  dwL    I    inter- 

633  ,,  ,,  ,,  z         „  „  J  8  dwt.       J   sected. 

■  The  method  ofcompoting  the  present  value  of  a  mining  share  that  may  be  considered 
as  lairly  certain  10  pay  an  estimated, rate  of  dividend,  for  a  Hxed  period  is  explained  in 
Minei  of  the  Ti  anivaat  and  in  an  article  '  The  Yield  on  Mining  Shares '  in  Ibe  Slatitt 
of  July  *6,  igoz.  It  has  been  treated  very  fully  by  Fredentk  Hellman,  M.Inst.  M.M.,  in 
a  paper  entitled  '  Deleiminilion  of  the  Present  Value  of  a  Mine  on  the  Rand.'  Tram. 
Jntt,  ef  Mining  and  Mita/liirgy,  voL  »L 
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It  seemed,  therefore,  reasonable  to  anticipate  that  some  one  or 
other  of  these  various  "  formations  "  might  produce  a  lai^e  tonnage 
of  sulphide  ore  ;  but  as  they  had  not  been  driven  upon  or  followed 
in"  depth  obviously  they  could  not  be  included  in  the  reserves  of 
ore  estimated  as  being  "  developed,"  that  is  to  say,  "  in  sight "  in 
the  sense  of  being  actually  "  blccked  out," 

The  preceding  table,  No.  X.,  compiled  by  the  Author,  furnishes 
particulars  in  regard  to  several  leading  Kalgoorlie  mines  (as  far  as 
they  can  be  ascertained  from  published  statements)  that  may  be 
of  interest.  In  column  2  will  be  found  estimates  of  the  tonnage 
of  ore  estimated  as  being  in  "  sight "  at  different  times,  and  when 
no  other  date  is  given,  the  estimate  refers  to  the  end  of  the  year 
named  ;  it  will  be,  of  course,  some  time  before  actual  data  are 
available  as  to  the  reserves  of  suJpho-telluride  ore  in  the  differeot 
mines  at  the  end  of  1902,  but  no  doubt,  in  a  numljer  of  instances, 
they  will  be  found  to  have  been  added  to  rather  than  depleted. 

Column  3  gives  the  estimated  assay  values  of  the  "  reserves,"  in 
1899,  1900  and  1901,  in  oz.  and  dwt.,  and  in  sterling,  per  ton.  based 
upon  the  estimates  given  in  official  reports  or  statements  that  have 
been  published,  but  in  a  few  cases  where  absolute  figures  are  not 
available  they  have  been  calculated  from  the  data  given  in  columns 
4  and  s,  on  the  assumption  that  the  yield  of  the  ore  milled  during 
the  year  and  in  the  following  twelve  months //»j  the  average  esti- 
mated mill-loss  represented  pretty  nearly  the  average  value  of  the 
ore-reserves  at  that  time. 

Column  4  shows  the  estimated  percentage  of  extraction,  as  near 
as  can  be  ascertained,  and  column  g  the  estimated  average  yield, 
and  sterling  value  of  the  ore  milled  during  the  year  in  column  2, 
opposite  which  it  is  set. 

Columns  6  and  7  show  the  estimated  average  monthly  tonnage 
of  ore  as  reported  treated  during  the  last  quarter,  in  1901 ;  the 
calculated  average  gross  amount  of  gold  produced  therefrom  in 
each  case  in  oz.  of  bullion,  its  value,  and  the  sterling  value  per  ton 
recovered. 

ColumnSgiveswhatthe  Author  reckoned  in  1902  as  the  probable 
minimum  and  maximum  monthly  outputs,  of  the  various  plants  at 
work  on  the  field  ;  and  in  several  instances  they  have  been  exceeded. 

Column  9  shows  the  actual  reported  results  in  1902,  and  the 
returns  in  the  last  month  of  that  year,  and  reads  in  conjunction 
with  the  figures  in  column  2,  seems  to  indicate  that  there  ought 
generally  speaking  to  be  no  difficulty  in  maintaining  this  scale  of 
treatment,  if  developments  in  depth  keep  pace  with  extraction,  and 
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several  mines  may  be  able  to  increase  their  output  in  1893  without 
adding  to  their  present  plant.  In  column  10  a  comparison  is 
given  of  the  returns  in  the  first  nine  months  of  1901  and  1902. 

On  the  data  in  column  8  the  Author  had  at  first  intended  to 
endeavour  to  figure  out  the  probable  profit  and  dividend  prospects 
for  1902-1903,  but  he  abandoned  this  intention  for  several  reasons. 

In  the  first  place,  anyone  who  chooses  to  speculate  upon  them, 
can  very  well  do  so  for  himself  by  deducting  the  average  cost  of 
treatment  per  ton  in  each  case,  hitherto  obtaining  in  each  case 
(which  has  already  been  given)  from  the  estimated  average  yield 
of  gold  per  ton  in  sterling  in  1902,  and  multiplying  the  difference 
by  the  tonnage  treated,  shown  in  column  9. 

There  are,  however,  certain  practical  difficulties  in  estimating 
on  this  basis. 

For  instance,  whilst  the  sterling  values  in  columns  6  and  7  no 
doubt  represent  about  the  average  value  of  the  quantities  of  ore, 
tailings,  etc.  treated  at  the  end  of  1901,  a  comparison  of  these  figures 
with  those  in  columns  8  and  9  indicate  that  most  of  the  companies 
found  it  to  their  advantage  in  1902  to  treat  ore  of  lower  average 
grade,  and  to  aim  at  larger  outputs  which  the  addition  to  their  plant 
have  rendered  possible,  so  that  no  definite  standard  of  mill  values 
has  yet  been  established  in  all  cases,  that  would  serve  as  a  reliable 
guide  to  results  in  1903  ;  besides  which,  the  variable  proportions 
of  ore  smelted,  and  taiiinf;s  treated  monthly  complicates  any  such 
attempt. 

Moreover,  on  a  larger  scale  of  treatment,  as  I  have  pointed  out, 
there  will  probably  be  found  to  have  been  a  considerable  all-round 
reduction  in  mining  and  milling  costs  in  1902-1903,  as  compared 
with  1901-1902.  As  regards  Lake  View  costs,  for  instance,  the 
Company's  Annual  Report  for  the  ten  months  ending  June  30, 
1902,  shows  that  the  cost  of  mining  (stoping)  had  been  reduced  to 
I3i.  6-^2d.  as  against  2js.  y(>i,d.  in  the  twelve  months  ending 
August  31,  1900,  and  the  totai  working  expenses,  exclusive  of  de- 
velopment and  capital  charges,  for  the  ten  months  ending  June  30. 
1902,  is  put  at  il.  \\s.  0'296rf.  as  compared  with  2/.  i8j,  5'i84(/. 
given  in  the  previous  Annual  Report.  The  corresponding  figure  in 
September  1902  may  be  reckoned,*  however,  at  2/.  or.  \d. ;  and 
similar  economies  seem  likely  to  be  effected  in  various  directions 
in  other  cases. 

Development,  maintenance  and  depreciation  are  again  very 
uncertain  factors  of  cost ;  the  former  item  depending  on  the  footage 
*  Report  AnnitBl  Geceral  Meeting,  October  9,  190. 
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driven  and  sunk,  the  proportion  that  driving  and  sinking  bear  to 
one  another,  and  the  gross  output  in  any  given  period  ;  all  of  which 
conditions  are  liable  to  vary. 

The  question  that  most  concerns  the  mine  shareholder  or 
speculator,  probable  dividends,  depends  also  to  a  certain  extent 
on  the  balances  brought  forward  and  carried  forward  each  year, 
which  latter  are  unknown  and  purely  arbitrary  factors  in  each 
instance  dictated  by  policy,  depending  upon  a  variety  of  circum- 
stances. 

Until  capital  charges  are  finished  with,  and  the  mines  have 
settled  down  to  regular  business  on  a  large  scale  (as  they  ought 
to  do  shortly)  and  the  costs  are  published  in  1903,  it  will  be 
impossible  in  fact  to  estimate  dividend  prospects  long  in  advance, 
and  it  is  only  by  following  what  is  being  done  from  month  to 
month,  that  it  is  safe  to  venture  on  speculations  even  for  short 
periods  ahead.  The  simplest  rough  method  perhaps  for  people 
who  choose  to  do  so  is  described  by  a  correspondent,  a  director 
of  a  dividend-paying  Kalgooriie  mine,  in  a  letter  in  the  Financial 
Times,  dated  November  25,  igoi,  in  which  he  says  :  "Taking  into 
account  all  charges,  including  development,  income  tax  (two), 
etc.,  the  experience  of  many  months'  working  proves  that  it  costs 
(treating  30  dwt.  ore) -about  24,000/.  to  obtain  40,000/.  worth  of 
gold."  This,  valuing  the  ounce  of  gold  at  4/.  2.r.,  would  represent  a 
cost  of  about  3/.  iis.g^d.  per  ton,  or  if  representing  bullion  at  3/.  i6j. 
per  02.  3/,  8j.  4jrf. ;  but  variations  in  cost  and  grade  of  ore,  etc, 
are  liable  to  vitiate  calculations  of  this  kind.  Unless,  therefore, 
the  gross  working  expenses  are  published  monthly,  estimates  of 
this  sort  are  best  left  to  people  of  a  speculative  turn  of  mind,  who 
possess  the  brains,  knowledge,  and  money,  necessary  to  speculate 
with  ;  and  speculation  anyway  is  outside  the  legitimate  business  of 
an  engineer,  more  particularly  if  he  happens  to  be  in  a  responsible 
executive  position. 

The  accompanying  "plan"  (Plate  I.),  which  by  the  kind  per- 
mission of  the  proprietors  of  the  Statist  I  am  permitted  to  repro- 
duce from  its  issue  of  February  2, 1901,  gives  the  salient  features 
of  the  Kalgooriie  field,  showing  the  general "  run  "  of  the  principal 
recognised  formations,  and  the  position  of  a  number  of  the  main 
ore-bodies  located  on  them  ;  and  I  may  quote  the  following 
extracts  from  the  explanatory  remarks  which  the  Statist  made 
upon  it,  briefly  summing  up  the  then  general  position  of  affairs. 
"Of  the  many  runs  of  reef  the  main  payable  ore-bodies  of  any 
continuous  length  so  far  opened  up  on  the  field  are  : — 
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1.  The  two  Ivanhoe  lodes — these  lodes  continue  into  the 
adjoining  Horse-shoe  area. 

2.  The  two  Boulder  lodes,  one  in  the  Boulder  and  the  other 
partly  in  the  Horse-shoe  and  Ivanhoe  areas. 

3.  The  long  ore-channel  of  the  main  lode  of  the  Lake  View 
Consols,  which  runs  through  the  Lake  View,  the  Perseverance,  and 
into  the  South  Kalgoorlie. 

4.  The  West  lode  of  the  Perseverance. 

"  Outside  these  main  lodes  are  many  spurs  and  off-shoots,  but 
no  connected  lodes  of  great  length  ;  there  are  also  several  isolated 
or  detached  bodies  of  payable  ore  of  no  great  dimensions  in  any 
one  direction. 

"  The  Australia  East  ore-<:hannel  is  not  yet  sufficiently  defined, 
but  the  evidence,  as  far  as  it  goes,  would  indicate  a  very  promising 
future.  The  ore-bodies  picked  up  in  the  Kalgoorlie  Mint,  Bank  of 
England  and  North  Boulder,  are  most  likely  spurs  or  off-throws 
from  this  lode. 

•'The  pipes  or  chimneys  of  ore  in  the  Kalgurli  (and  perhaps  in 
a  less  degree  the  Tetley  lode  in  the  Australia  lease)  are  somewhat 
similar  to  the  isolated  deposits  in  the  Brownhill,"  Brownhill  Ex- 
tended,* and  Iron  Duke  *  properties Though  they  are  rich, 

wide,  and  of  great  value,  they  apparently  have  no  great  length. 

"The  small  runs  of  ore  scattered  about  in  the  other  parts  of 
the  field  need  only  concern  those  directly  interested.  None  have 
so  far  displaj'ed  any  of  the  elements  which  go  to  make  a  big  con- 
tinuous ore-run. 

"  The  future  of  the  Ivanhoe  and  Perseverance  as  separate  mines, 
especially  the  former,  is  more  assured  than  is  that  of  any  of  the 
other  mines  reviewed  ;  both  have  their  principal  lodes  well  towards 
the  centre  of  the  leases,  and  the  deep  levels  of  the  lodes  well  pro- 
tected by  the  boundaries. 

"  The  Perseverance  management  claims  the  deep  levels  of  the 
Tetley  ore-body  of  the  Associated  mine,  by  reason  of  its  westerly 
dip ;  the  Associated  people  claim  the  northern  part  of  the  Lake 
View  lode,  by  reason  of  its  easterly  dip ;  \  and  the  Golden  Link 
claim  the  southern  portion,  by  reason  of  its  westerly  dip.  These 
claims  remain  to  be  proved,  but  there  are  grounds  for  their  being 
put  forward. 

"  In  the   Boulder,  the  West  (as  called  by  the  company  and 

'  Xot  shown  in  !he  plan. 

t  This  ajipears  to  be  sli^hl  in  the  lower  levels. 
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shown  on  the  map  as  the  Boulder)  lode  at  8oo-foot  level  approaches 
so  close  to  the  western  boundary,  that  confidence  as  to  the  future 
of  the  mine  was  at  one  time  disturbed,  though  little  notice  appears 
to  have  been  taken  of  this  adverse  inclination  of  the  dip. 

"  The  West  Branch  lode  has  already  dipped  into  the  Horse-shoe 
and  Ivanhoe,  the  Horse-shoe  drawing  its  richest  ore  from  this 
West  Branch,  or  as  it  is  called  in  the  Horse-shoe  office  the  No.  4 
lode,  and  so  described  on  the  map.  The  length  of  this  lode 
possessed  by  the  Ivanhoe,  although  short,  is  of  great  value. 

"  So  far  this  No.  4  lode  has  in  the  Horse-shoe  maintained  its 
westerly  dip,  but  in  view  of  the  easterly  turn  of  the  Boulder  lode 
at  the  looo-foot  level,  and  the  possibilities  of  the  lodes  conforming 
to  one  another,  an  easterly  dip  to  this  No.  4  lode  would  cause 
anxiety  to  the  Horse-shoe." 

This  affords  a  good  idea  of  the  existing  position  of  things  in 
1900-1901.  But,  as  will  be  seen  from  the  description  of  the 
different  leading  properties  that  follows,  the  situation  has  since 
undergone  some  considerable  modification.  For  example,  verj- 
important  developments  have  recently  taken  place  on  the  eastern 
side  of  the  field,  and  the  short  run  of  rich  ore  marked  on  the  plan 
of  the  Associated  Northern  Blocks*  has  been  opened  up  and 
followed  as  far  as  the  northern  boundary  of  the  north  block  of  the 
Oroya,t  and  has  already  been  proved  for  a  considerable  length  in 
that  property,  affording  evidence,  it  is  reported,  that  in  all  proba? 
bility  the  "formation  "  will  be  found  to  traverse  the  entire  length  of 
that  lease.  At  this  point  I  am  inclined  to  think  it  bends  round 
somewhat  to  the  east,  following  the  line  of  strike  of  the  Friday  lode, 
which  runs  through  the  western  part  of  the  old  North  Boulder  lease, 
and  into  the  "  Bank  of  England,"  now  amalgamated  with  it ;  but 
sufficient  work  has  not  yet  been  done  to  prove  this  conclusivelj", 
and  the  Friday  lode  wiTybea  spur  of  the  Australian  East  formation, 
as  some  think. 

In  any  case,  however,  a  succession  of  rich  ore-bodies  may  be 
said  to  have  been  proved  to  extend  (so  far  as  development  in 
length  and  depth  have  gone)  from  the  Brownhill,  through  the 
Associated  Northern  Block  and  well  into  the  Oroya. 

Developments   in    these  properties  and  in  the  North  Boulder 

•  At  dale  of  November  23,  1901,  Mr.  A.  E.  Thomas  estinuiled  the  ore  "  in  sighl "  at 
63,691  ions,  Talued  at  775,345/.,  and  "ore  probably  in  sight  "  at  ai.atxj  tons  valued  at 
231.000/.  At  Seplembei  30,  1901,  the  oie  available  in  reserve,  at  grass,  and  in  transit 
1KW.  estimated  by  the  manager  at  99,795  tons,  which  he  vtlued  at  !, 164,306/. 

t  This  company  has  recently  been  amalganated  with  the  Bconnhill. 
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have  also  shown  that  at  least  two  other  formations  exist  to  the  east 
of  the  line  in  question  ;  these  discoveries  seem  likely  to  have  an 
important  future  bearing  for  the  North  Boulder,  and  other  properties 
situated  on  the  East  side  of  the  field  ;  and  a  revival  of  interest 
and  confidence  in  this  section  of  the  gold  belt  has  latel>»  been 
shown,  which  it  is  to  be  hoped  will  be  rewarded  by  exploration 
in  depth,  which  the  Brownhill  Extended,  Oroya,  North  Boulder 
Gold-Mlnes  and  other  properties,  are,  carrying  on.  The  North 
Boulder  Gold  Mining  Company,  which  has  recently  been  recon- 
structed,* was  the  earliest  company  to  pay  dividends  on  the  south- 
east side  of  the  field,  which  it  was  enabled  to  do,  owing  to  its  good 
fortune  in  discovering  the  Friday  "  formation  "  ;  and  with  the  new 
capital  the  present  company  possesses,  to  explore  the  ground,  it  is 
undoubtedly  in  an  excellent  position  for  making  important  dis- 
coveries in  depth.  The  two  "  formations  "  west  of  the  Friday  are, 
in  fact,  so  far  practically  unexplored,  and  it  is  possible  that  the 
Friday  formation  which  dips  west  at  surface  may  turn  over  on  an 
easterly  dip  (as  happened  in  the  Kalgurli  and  other  cases),  which 
would  enable  it  to  be  followed  down  in  depth. 

New  and  important  developments  have  similarly  taken  place  in 
the  Lake  View,  Perseverance,  Associated,  Kalgurli  and  South 
Kalgurli,  in  the  centre  of  the  "golden  mile,"  and  in  the  Great 
Boulder,  Ivanhoe,  Central  and  West  Boulder  and  other  mines  on 
the  western  side  of  the  field.  An  excellent  "  plan  "  showing  recent 
developments  in  the  different  properties  in  minute  detail  has  lately 
been  published  (October  1902)  by  the  Compagnie  Beige  des  Mines 
d'Or  Australiennes.  The  plans,  etc.  that  follow  and  accompany 
the  description  of  leading  mines  will  serve  to  furnish  a  general  idea 
of  the  position  of  the  principal  formations,  the  run  of  the  main  ore- 
shoots,  and  the  workings,  at  the  dates  specified. 

The  only  matter  for  regret  is  that  no  new  discoveries  have  been 
made  of  any  consequence,  known  to  the  Author,  either  north-west 
or  south-east  of  the  belt,  which  it  may  be  observed  crosses  the 
principal  formations  diagonally,  in  a  direction  slightly  east  of  north 

*  With  &  working  capita,)  of  30,000/.  the  old  company  paid  back  37,454/.  ^V-  ^d- 
in  dividends, 

t  In  this  conneclion  (he  discovery  in  the  Associated  Noithern  Blocks  (reported  in  a 
British  Australasian  lelegnm  dated  October  10,  1903),  is  worth  noting.  The  diamond 
drill  put  down  to  a  depth  of  1 171  feet  cut  a  lode  of  the  estimated  width  of  6  feet ;  the 
ore  was  of  high  grade  averaging  i  oz.  iS  dwt,  ij  gr.  (6  inches  nsssying  6  oz.  18  dwt). 
No.  a  bore  from  the  550  feet  west  crosscut  put  down  afterward;  diagonally  6S6  feet, 
intersected  a  formation  S  feet  wide,  averaging  by  assay  3  oi.  o  dwt.  14  gr. 
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and  west  of  south.  Capital  has,  however,  naturally  and  wisely  been 
absorbed  for  the  moment  in  proving  and  developing  the  richer 
mines,  and  has  left  the  development  of  "  outside  "  shows  as  a  legacy 
to  the  next  generation,  as  the  existing  mining  groups  have  probably 
enough  to  occupy  their  attention  for  the  present  looking  after  their 
own  immediate  affairs. 

The  accompanying  table  No.  XI.  on  p.  514-517,  published  by 
the  Kalgoorlie  Chamber  of  Mines,  shows  the  gold  produced  by  the 
Kalgoorlie  Mines  in  1900  and  their  total  production  to  December 
31,  1900;  following  which  I  have  appended  a  brief  description  of 
the  history  and  position  of  the  several  leading  mines,  brought  up 
to  date  as  far  as  possible. 

Lake  View  Consols. 

Interesting  details  regarding  this  mine  were  given  in  articles  in 
the  Statist,  dated  September  15,  1900,  and  October  12  and  19, 
1901,  illustrated  with  a  longitudinal  section  Plate  II,  which  the 
proprietors  have  kindly  allowed  the  Author  to  reproduce.  The 
levels  that  are  shaded  represent  work  done  durjng  the  year  ending 
August  31,  1901. 

The  property  it  is  stated  was  "pegged  out"  in  1893,  by  the 
Coolgardie  Gold  Mining  and  Prospecting  Company,  which  had 
a  capital  of  225/.,  but  was  subsequently  sold  to  an  Adelaide 
Company,  called  "The  Lake  View  and  Boulder  East,"  with  a 
capital  of  40,cndo/.,  divided  into  8o,ooo  shares  of  lew.  each.  The 
property  has  an  area  of  48  acres. 

Colonial  speculators  in  1894  used,  it  is  said,*  to  "bear"  the 
.shares  of  the  Adelaide  Company  at  3J.  Cd.,  and  cover  at  ls.6d.,  thus 
valuing  the  mine  at  about  6ocx)/. !  Towards  the  middle  of  1899  it 
rose  temporarily  to  the  position,  however,of  being  the  largest  gold- 
producing  mine  in  the  world,  the  output  being  over  30,000  oz.  perf 
month. 

This  return  was  maintained  for  some  time  when  dividends  at 
the  rate  of  4/.  per  share  per  annum  J  were  being  distributed,  and 
the  l/.  share  rose  to  28^/.  The  reasons  for  the  subsequent  fall  in 
value,  which  took  place,   in  common  with   the  shares  of  all  the 

•  Slatiil,  September  15,  1900. 

t  The  return  in  May  1K99  was  33,160-405  oz. 

I  Dividends  amounting  to  zot.  per  share  (350,000/.)  or  100  per  cent,  were  paid  in 
1SQ7-139S;  301.  per  chare,  i5opcrcsnt.,  for  l3()8-lS99j  451.  per  share,  225  per  cent., 
for  1899-1900;  and  loj.  per  share,  50  per  cent.,  for  1900-1901. 
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other  Kalgoorlie  mines,  were  partly  due  to  differences  in  estimates 
given  in  regard,  to  the  amount  of  ore  in  sight  and  the  falling  off 
in  returns,  owing  to  the  early  troubles  with  the  "  sulphide  plant "  ; 
but  now  that  large  quantities  of  sulphide  ore  can  be  dealt  with, 
if  new  "ore-bodies"  are  discovered  in  depth  anything  like  equal 
to  what  they  proved  to  be  in  the  upper  levels,  the  company  will 
110  doubt  once  more  take  up  a  position  in  the  front  line  of  big 
producers. 

The  "formation"  from  which  the  bulk  of  the  ore  raised  has 
been  got  runs  north-west  and  south-east  through  the  entire  length 
of  the  property,  some  2300  feet.  On  this  "formation"  (judging 
from  the  longitudinal  sections  of  the  mine)  the  principal  shoot  so 
far  opened  up  lies  south  of  the  main  shaft,  in  the  neighbourhood  of 
the  shaft  known  as  No.  2  South,  as  most  of  the  "  stoping  "  below 
the  2oo-feet  level  done  during  1900-1901  and  subsequently  was 
in  this  section  of  the  workings  ;  but  at  June  1902  there  was  still  a 
large  area  of  ground  below  the  7CX>feet  level  apparently  but 
partially  explored  to  the  north  and  south  of  the  main  shaft ; 
though  a  block  had  been  stoped  for  some  length,  at  one  point 
north  of  it,  above  and  below  the  700-feet  level. 

In  addition  to  the  main  "  formation,"  moreover,  a  cross-cut 
which  was  put  out  from  the  200-feet  level  in  1899  to  the  western 
boundary  in  the  northern  block  {referred  to  on  p.  503)  was 
reported  to  have  intersected  several  promising  "  formations,"  and 
a  cross-cut  from  No.  i  shaft  at  the  northern  end  of  the  south 
block  intersected  a  "  formation  "  called  the  East  reef  (west  section) 
at  the  loo-feet  level,  which  was  driven  on  for  65  feet,  reported  to 
be  3  to  6  feet  wide,  averaging  2  oz.  13  dwt. ;  and  there  appears  to 
be  a  branch  of  this  formation  further  west,  on  the  "  plan  "  close 
to  the  Oroya  boundary  ;  further  discoveries  may  therefore  yet  be 
made  on  this  side  of  the  property  ;  although  the  western  block- 
seems  to  offer  the  best  immediate  prospects. 

During  the  year  ending  Augu.st  31,  1901,  the  main  shaft  was 
sunk  to  a  depth  of  gyz  feet,"  and  the  following  development  work- 
was  reported  to  have  been  done  : — 
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Associated  Gold  Mines,  W.A.,  Lid. 
Associated  Northern  Blocks,  W.A„  Ltd. 
Boulder  Hidr-mileSuulh,G.M.Co.(N.L.) 
Brookmin  Bros. '  Boulder  G.M.Co., 
Brown  HiU  Central  G.M.  Co.  (N.I. 
Brown  IliU  Extended,  Ltd.  .      . 
Brown  Hill  Proprielu;,  Ltd. 

Central  and  West  B-«ilder  G.M..  W.A., 

Ltd. 
Ciosus  North  No   l  G.M.     .     .      . 
Crteaus  Proprietar)-  G.M.  (N.L.)     . 
Crotus  South  G  M.  Co.,  Lid     .     . 

Devon  Consols 

:  Golden  HonesUoe  EsutCii  Co.,  Lid. 
Golden  Pike  and  Lake  View  tnst,  Li 
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Great  Koulder  Main  Reef,  Ltd.  .  . 
Great  Boulder  Xo.  I,  Ltd.  .  .  . 
Great  Boulder  Perseverance  G.M,  Co., 

Lul. 
Great  Boulder  Proprietary  G.M.,  Lid. 
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Hampton  l'ro|WTlies,  Ltd.  (Block  50) 

Honnans  Block  45,  Ltd 

Hannans  Britanmn  G.M. 
Hannans  Brown  HiU  G.M.  Co.,  Ltd. 
Hannuis  Central  G.M,,  Lid.      .      . 
Hannans  Central  Extended  G.M.f.V.L.) 
Hannans  Consols,  Ltd.    . 
Hannans  Crtxsui,  Ltd.     . 
Hannaa't  Eicelsior     .... 
Hannani  Main  Reef,  Lid.     .      . 
Hannans  North  G.M.  Co.,  Ltd. 
Hannans  North  Crcesus  G.M.     . 
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Hannans  Proprietary  Development 


Ltd. 


s  Reward,  Ltd. 


37     Hannans  Reward  North  G.M.  (N.],,| 


36  I 

36j 


54  t  aso, 

9  I 

II         40,000 —  3o,oao        ,,        loj.,  9*.  yi.  paid  uji 

17]  150.000-150,000       ,.        ios.     . 

m\ 

24    1,500,000—300,000        „         5/.        . 

38  350,000 — 150,003       ,,        20t.,  iSj.  paid  up 

n 

21    30,000 —  60,000   „    \ot.,  4f.  paid  up  . 

35  130,000 — 160,000   „   toj.  . 

Z4  225,000 — 125,000   „   201.  . 

24  >7S.»»o— 175,000   „   20J.  . 

85  I7S.«»— 1,750,000  „   II.   . 

ZO  130,000 — 130,000    „    2W.   . 

8000  I 

18  I  2jo,ooo — 230,000         „         201.      . 

54  225,000-225,000  ..  2Qt.        . 

43  230,000—230,000  ,,  20».      . 

24  100,000 — 100,000       ,.        aor.,  131.61/.  paid  Up 
0,000—160,000       „        lOJ.     . 


36  ;    250,0 
397  '     500.0 


-250,00 


01.,  fully  puil  up    t 
at.,  9r.  paid  up   ,   ' 


■ibyGoogfe 


iTRICT   FOR  THE   YEAR   1900,  AND   TOTAL   PRODUCTION   ' 
AHBEK  OF  MiNRS  (Incorporated). 


£         '       <«u. 

„,_  '  0^ 

1001. 

37.5«>  4'. 33* 

34.183-75    -81 

150,810 

I,3«8J 

"o,as3-567-77 

1.3183 : 

So    ; 

'  3.157 

4,05005  i-ag 

9.493    ! 

340 

43i-SS'-i7' 

3.114'S  : 

-        1       735 

3,S3i-984-8ol 

837-75 

1       136 

78-391  -6a| 

440-i»5 

-.  !  9.830 

I    4.09575   -41J 

23.158 

ao-3  .  -25. 

io,io6- 15  1  -o;:   Inclndini;  gold  won  by  Tiibulori. 
1,650-5      -85, 
4.573-485-451 

437'44    *99|   Inctudinggold  non  l>yTnbutui&. 
■5.767-65    -68! 
i 
217-6      "491 


■  ■       j  3.9SO 

i,2o5JS( 

■30| 

4.120 

".337-4  ,  -32j 

■             ..       !      185 

84-37' 

■4S' 

•85 

84-37'  -45| 

0     215,000  76.532 

13'. 87s -63' 

■73 

125,481 

271,854-862-16   i,ea«69-97  m.  overruled  1899. 
16-3      -65 

..       1      3*> 

395 -d 

■23! 

594-25 

984-28 1 -65| 

86 

38-7»l 

•45J 

388 

440-72  I -13] 

0       13,000     9,777 

21,050-471 

■251 

34,553 
198 

61,579-271-78! 

87-4      -44 

43.279-8 

47.098-491 

■08; 

93.276-05 

135.036-141-441 

0     '75, 000  j54,887 

115,908-73 

""1 

198,348 
12-5 

449.944-732-26!  -Including  6y.  declared  Jan.  10, 
50      4-oo| 

i      7'^ 

436-.  1 

■611 

71J 

436-1       611 

"        i      7"9'5 

865-96, 

■lo- 

1,016 

1 .354-96  '  33;  Including  gold  won  by  Tribuior* 

■             ■■       !      301 

«,-86J 

■731 

3W5 

242-86   -75[ 

6     191,500  61,795 

80,756- 75| 

■30; 

"37,486 

252, 885-851-83, 

■  ■       !        55 

I9-I| 

■34; 

SS 

191      -34' 

-■       !        57 

51-75 

-90 

57 

51-75   -90 

..       '      33B 

251-99' 

■05, 

316 

3.643-5 
103  5 

333- 49  "OS 

3.301-7     -90: 

52-95     50 

145 

62-85 

■43 

"45 

62-85    -43 

110 

161-36 

■77 

1.130 
96 

1,608-011-42 

35-9  '  -37 

0       *9.49l    15.170-5 

5,825-46 

■38 

60,168 

.5..3.-46    -4.  {•'j'^Sk.-    '*■*»•»"" 

9,205 

5.805-89 

■63 

11,7895 

9.476-59    '80,  Including  gold  won  by  Tributon. 

2,475 

3.092-87 

'3A 

8.596 

8.458-02    -98 

218 

174-2      -79 

b,GeogIe 


i$     HannaDS  Sir  John  Foirest     .... 

39  Hannans  Star  G.M.,  Ltd 
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in  the  article  referred  to  in  the  Statist  of  October  19,  1901,  it 
was  pointed  out  that  in  course  of  cross-cutting  from  the  workings 
on  the  main  "  formation,"  an  ore-body  was  discovered  which  at  the 
north  end  of  the  200-feet  level  proved  to  be  34  feet  thick  (6  feet 
being  rich,  and  the  remainder  described  as  payable) ;  whilst  a 
body  of  ore  was  also  reported  to  have  been  intersected  in  January 
1901  south  of  the  main  shaft,  at  the  500-feet  level,  showing  a  width 
of  12  feet  and  a  value  of  30  dwt,  which  was  apparently  the  exten- 
sion in  depth  of  the  main  shoot. 

What  has  proved  a  most  important  discovery  was  referred  to 
in  the  annual  report  for  the  year  ending  August  31,  I90i,as  having 
been  made  in  a  bore-hole  put  down  from  the  400-feet  level  (1000  feet 
north  of  the  main  shaft)  to  a  depth  of  850  feet ;  at  about  1000  feet 
verticalitora  surface,  this  bore-hole  was  reported  to  have  intersected  a 
"formation,"  estimated  as  being  about  14  feet  thick,  of  an  average 
value  of  I  oz.  of  gold  per  ton.  The  looo-feet  level,*  in  course  of 
drivagc,  was  not,  however,  expected  to  reach  the  northern  boundar>- 
before  November  (1902)  at  earliest 

The  Table  following  gives  particulars  of  ore  treated,  percentage 
of  profits  and  expenditure,  cost  per  ton  of  ore  treated,  profit  per 
ton  of  ore  treated,  and  cost  per  ounce  of  gold  recovered,  etc.,  during 
the  year  ending  August  31,  1901. 


Trailed,  76,571  ions  for  111,68401.     Total  receipts,  456,477/. 


;    ToulC«r»d        PcrTmofOr. 
Profil.                       Trcklcd. 

Pet  Oi.  of  Gold. 

,.^.. 

Expenditute    .         .   '       310,308       '       410 
Profiti   .                  .   1       146,169               1   18    a 

I     •■     d. 

A  cable  report,  dated  December  7,  1901,  was  received  from 
Mr.  Hewitson,  who  was  asked  to  report  on  the  mine,  in  conse- 
quence of  which  it  was  decided  to  reduce  the  grade  of  output  to 
about  an  average  of  25  dwt. 

The  annexed  Table  on  p.  519  shows  the  working  cost  and  an 
analysis  of  the  cost  per  ton  for  the  year  ending  August  31,  1901. 
exclusive  of  capital  expenditure  on  plant  and  other  sums  included 
in  the  preceding  statement. 
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ICxtraction  of  ore . 

Ore  breaking 

Oxidised  itimes  treatment 

Sulphide  ore  Ireatmeat 

Diehl  process,  cxpemes 

Concentiates  treatment,  expenses 

Chaises  on  bullion 

Slag  (reaiment,  expenses 

Oiidjsed  sands  treatment 

Maintenance 

Management  and  general  expeiidii 

Western  Australia 

London 

Adelaide 


11-478 
o'473 


Add ;    development  and   sinking   main  shaft, 
which  cost 

Total  working  cost,  exclusive  of  leterve  for  | 
cyanide,  lair  suit,  and  the  other  claims  .such  I 
IS  W.  A.  Government  dnties  capitnl  charges 


for  plant,  ei 


The  following  Table  gives  the  total  returns  of  the  mine  in  bullion. 

Ounces  Value 

jnths  endine  August  31,  1897 


46.588 

103.946 

414.368 

199,230 

803,604 

;i,'A" 

610,574 
453.156 
348,354 

97,497 

716,103 

^2.8w.o37 

The  capacity  of  the  reduction  works  at  the  end  of  1901  was 
etjual  to  dealing  with  some  9300  tons,  representing  a  yield  of  about 
14,276  oz.,  with  ore  of  similar  grade  to  that  treated  during  July  and 
August  1901.  With  the  additional  plant  then  in  course  of  erection 
it  was  anticipated,  however,  that  it  would  be  possible  to  treat  1 2,coo 
tons  monthly. 

A  considerable  reduction  was  shown  in  the  Annual  Report  to 
August  31,  1901,  in  the  cost  of  mining,  which  was  stated  to  have 
fallen  from  27J,  7-64irf.  in  1900  to  13J.  2-yyj,d.,  and  the  cost  of 
treatment  in  the  sulphide  works  appears  to  have  been  reduced 
from  43.(.  5^.  to  3U.  yd.,  and  as  each  month  brought  heavy  capital 
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expenditure  nearer  to  aii  end,  it  seemed  reasonable  to  expect,  as 
the  General  Manager  remarked  at  the  conclusion  of  his  report, 
that  as  the  work  of  re-organising  and  improving  the  various  plants 
was  nearing  completion,  a  substantial  reduction  in  the  monthly 
expenditure  could  confidently  be  looked  for. 

In  a  special  report*  on  the  mine  and  plant,  made  by 
Mr.  W,  R.  Feldtmann  on  behalf  of  Messrs.  Bewick,  Moreing  and 
Co.,  he  gave  the  following  particulars  of  the  position  of  affairs  at 
the  end  of  June  1902. 

"  Considered  broadly  the  ore  deposits  hitherto  worked  may  be 
divided  into  two  chutes — a  northern  and  a  southern  one — on  tlic 
same  ore-channel. 

"  The  northern  one  appears  to  consist  of  a  main  body  of  low 
grade  ore  proved  at  the  upper  levels  to  extend  from  the  north 
boundary  for  several  hundred  feet  southward.  Connected  with  this 
north  cnute  is  a  west  vein  or  spur,  proved  down  to  the  second  level 
for  a  length  of  1 50  feet  The  north  end  of  the  company's  property 
has  not  been  so  productive  as  that  portion  of  the  mine  south  of  the 
main  shaft,  although  a  small  length  of  the  main  ore-body  and  about 
100  feet  of  the  westvein  appear  to  have  yielded  high  values  in  the  past. 

"  The  southern  chute  in  the  upper  levels  has  been  worked  for  a 
length  of  about  looo  feet,  and  allowing  for  the  usual  eccentricities 
of  ore-deposits  on  these  fields,  appears  to  have  been  fairly  con- 
tinuous and  consistent  for  that  length. 

"  A  cursory  examination  of  the  relative  position  and  shape  of 
the  slopes  in  the  mine,  including  such  stretches  of  ground  as  are, 
according  to  existing  records,  of  sufficient  value  to  warrant  stoping, 
would  convey  the  highly  discoiicerting  impression  that  there  is  a 
distinct  and  alarming  diminution  in  the  length  of  the  ore-bodies  at 
each  successive  level. 

"As  instancing  this,  it  may  be  mentioned  here,  that  the 
lengths  of  pay-ore  stoped  or  exposed  on  the  first  five  levels  on  the 
south  chute,  are  as  follows  : — 

No.  I  level       .  -     1050    I    No.  4  level  .         .         ,     300 

No.  I    „  .         ,         .     1000        No.  S    ,,  .  -     250 

"  Now,  while  fluctuations  in  length  from  one  level  to  another  are 
common  enough,  and  may  very  well  be  looked  for  in  the  local  ore- 
chutes,  such  a  progressive  falling  off  as  appears  to  be  indicated  here 
for  a  depth  of  500  I'eet  must  necessarily  arouse  a  suspicion  that 
•  Pulilished  in  tlie  Financial  Times,  Maich  25,  1902. 
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somewhere  an  extension  has  been  missed — indeed  such  a  possibility 
should  clearly  have  suggested  itself  at  latest,  when  at  No.  4  level  the 
pay-chute  contracted  or  appeared  to  contract  to  300  feet  in  length. 

"  If  such  contraction  in  length  in  going  down  were  peculiar  to 
the  district,  and  were  locally  a  normal  occurrence,  there  would  be 
grounds  for  believing  the  logical  sequence  to  be  an  almost  complete 
disappearance  of  values  in  the  deeper  levels,  and  even  if  hitherto 
unprecedented,  such  a  complete  collapse  in  values  as  appears  to 
have  been  encountered  at  the  bottom  levels,  must  be  accepted  as 
correct,  providing  every  precaution  has  been  taken  to  prove  that 
the  various  levels  have  not  departed  from  the  line  of  the  lode. 

"  On  the  other  hand,  a  perpetuation  of  a  faulty  system  of 
testing  the  ground  at  each  level,  would  lead  to  the  same  apparent 
result,  particularly  if  owing  to  the  partial  failure  of  operations  at  one 
level,  the  prospecting  work  at  the  next,  were  unduly  hurried,  as 
might  happen. 

"  Before  deciding,  therefore,  that  there  is  a  real  failure  in  the  ore- 
bodies  in  depth,  the  question  has  to  be  answered.  Has  every 
reasonable  possibility  been  exhausted  at  each  successive  level.'  If  ■ 
every,  precaution  has  been  taken  to  drive  on  the  ore-channel,  and 
keep  on  it,  or,  failing  the  latter,  if  a  requisite  number  of  cross-cuts 
have  been  put  in  at  intervals  east  and  west  to  a  sufficient  distance  to 
determine  its  existence  or  non-existence  on  one  side  of  the  drive  or 
the  other,  then  the  question  may  safely  be  answered  in  the 
affirmative." 

Mr,  Feldtmann,  however,  went  on  to  show  that  neither  of  these 
conditions  had  been  fulfilled,  and  that  in  places  long  stretches  of 
ground  had  not  been  cross-cut  sufficiently  in  the  southern  section 
of  the  mine,  whilst  at  the  northern  end,  No.  5  level,  ostensibly 
driven  to  open  up  the  main  ore-body,  was  palpably  off  the  line  of  the 
same,  and  insufBcient  cross-cutting  has  been  done  to  rectify  this. 

The  position  of  affairs  was  subsequently  summarised  in  a  cable  * 
dated  Boulder,  W.A.,  March  24,  1902; — 

"Examination  by  Messrs,  Hoover,  Feldtmann  and  Prichard. 
Result  derived  from  3200  samples  and  mill-trials.  Main  lode  strong 
and  well  defined  throughout  future  workings  ;  average  width  of  the 
lode  is  30  feet ;  within  it  are  bodies  of  high  grade  ore ;  outside  of 
this,  value  of  ore-bodies  is  too  low  ever  to  be  profitable.  Previous 
estimate  a  large  number  of  tons  of  low  grade  ore  based  on  erroneous 
assay  plan. 

•  Publislieil  in  the  Financial  Timn,  March  27,  iyi>2. 
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"  In  the  upper  levels  there  are  two  main  V-shaped  ore-bodies  ; 
north  ore-body  reaches  to  3CO-feet  level,  south  ore-body  reaches  to 
6oo-feet  level.  Large  proportion  of  yield  of  the  mine  has  been 
extracted  from  these)  ore -bo  dies.  Estimated  reserves  blocked  out 
in  these  ore-bodies  47,930  tons.  Examination  of  drives  and  recent 
cross-cutting  indicates  moderate  increase  of  reserves  can  be  expected 
in  this  region. 

"  Isolated  ore-bodies  exposed  in  500  feet,  700  feet  and  800  feet 
levels  ;  estimate  amount  of  ore  in  sight  2500  tons  should  be 
increased  considerably twith  development.  Total  estimated  reser\'cs 
50,430  tons.     Ore  should  yield  21  dwt.  12  gr. 

"Confident  can  maintain  present  output  twelve  months  from 
proved  ore-bodies  reported. 

"Result,  diamond  drill  icoo-feet  level  indicates  ore-body  there, 
it  should  be  reached  in  another  600  feet  of  driving. 

"  There  is  every  reason  to  believe  further  ore-bodies  will  be 
developed  ;  prospect  should  give  more  encouragement  to  the  share- 
holders. Perseverance  lode  lias  not  been  adequately  prospected. 
Strongly  recommend  vigorous  development  of  the  mine  in  the 
lower  levels  and  greater  depth.  Estimate  working  expenditure 
after  thorough  overhaul  plant  11,500/,  monthly.  Estimate  proper 
development  will  require  an  expenditure  of  40OO/.  monthly." 

In  their  report,  which  was  subsequently  received,  dated  April  3. 
1902,  the  engineers  estimated  that,  including  all  reserves  of  an 
average  assay  value  of  1 3  dwt.  upwards,  there  were  504^30  tons  of 
ore  in  sight,  of  an  average  assay  value  of  23*6  dwt,,  which  should 
yield  a  recovery  value  of  21  '6  dwt,  per  ton. 

They  pointed  out  that  the  two  principal  ore-bodies  referred  to 
by  Mr.  Feldtmann  have  yielded  some  310,000  tons  of  ore  for 
650,000  oz.  of  gold,  an  average  of  over  2  oz.  per  ton  ;  and  that,  so 
far  as  is  known,  disconnected  ore-bodies,  of  more  limited  extent, 
have  been  found  at  — 

600  feel  norlh    ....         500  feet  Icrel 
100        „  ....         700        „ 

joo  feet  south    ....         800        „ 

After  giving  various  reasons  in  support  of  the  probable  perma- 
nence of  the  ore  in  depth,  and  opposed  to  the  arguments  advanced 
against  it,  they  expressed  the  opinion  that :  "  A  large  portion  of 
the  feeling  of  disappointment  in  the  property  existing  at  present  is 
due  to  an  exaggerated  estimate  formed  when  the  richest  ore-body 
at  any  time  discovered  on  these  fields  was  adopted  as  a  standard  of 
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future  values,  instead  of  as  a  local  aberration,  to  be  accepted 
cheerfully,  but  without  unduly  sanguine  hopes  of  speedy  repetition. 

"  Other  mines  on  the  field  have  bottomed  their  ore-bodies,  but 
have  happily  succeeded  in  finding  succepsors  in  time  to  prevent 
any  hiatus  in  their  operations.  The  existence  of  a  wider  barren 
zone  below  the  upper  ore-bodies  in  this  mine  than  In  some  others, 
whilst  a  fact  that  must  be  faced  as  materially  affecting  the  value 
of  the  mine,  should  not  extinguish  confidence." 

The  mine  had  then  been  explored  by  25,650  feet  of  levels  and 
cross-cuts.  The  changes  in  progress  in  the  Diehl  plant,  when  com- 
plete, will  give  it  a  capacity  of  about  10,000  tons  a  month,  and  the 
dry-crushing  plant  has  a  capacity  of  about  3000  tons  ;  that  is-  to 
say  the  total  capacity  of  the  reduction  plant  may  be  reckoned  at 
about  13,000  tons  per  month.  The  sulphide  mill  has,  however, 
been  since  shut  down,  and  only  50  stamps  of  the  Dichl  mill  kept 
running,  as  they  pointed  out  that  the  limited  number  of  stoping 
faces  in  pay-ore  precluded  an  output  of  more  than  6000  to  6500 
tons  per  month,  without  greatly  increasing  the  mining  costs  ;  and 
moreover  the  reserves  in  hand  did  not  warrant  a  depletion  more 
rapid  than  this  amount  in  order  to  give  time  for  future  develop- 
ment to  provide  further  reserves. 

The  engineers  also  expressed  the  opinions  that  the  Diehl  mill 
was  cheaper  to  operate"  and  being  able  to  treat  10,000  tons  of 
ore  per  month  "  will  suffice  for  the  mine's  output  permanently." 
By  treating  the  concentrates  on  the  mine  (by  roasting  and 
cj-anide)  the  cost  has  been  reduced  from  3j.  8 '91/.  per  ton  of  ore 
treated  to  li.  10'3</.  and  a  reduction  of  cost  was  foreshadowed  in 
various  directions  ;  notably,  in  steam  economy  through  a  better 
disposition  of  the  plant ;  by  dispensing  with  all  unnecessary 
manual  labour  ;  by  sorting  the  ore  so  as  to  avoid  crushing  un- 
payable stone  ;  by  obtaining  supplies  in  such  quantities  as  may 
actually  be  required,  and  at  the  most  favourable  rates;  and  by 
careful  administration  and  accurate  cost-keeping. 

The  cost  per  month  per  horse-power  in  the  mill  boiler-plant 
of  an  aggregate  rated  capacity  of  over  looo  horse-power  (which 
supplied  about  400  horse-power)  for  instance,  was  8/.  \t^s.  against  a 
possible  cost  with  better   plant   of  not  over  4/.  per  horse-power 

•  At  the  Company's  MecliDg  on  Oct,  9,  1902,  Ihe  Chairruoii,  Mr.  F.  A.  Govetl, 
stated  that  on  a  smaller  tonnage  the  costs  of  the  Diehl  process  had  been  reduced  to 
i/.  61.  ^d.  per  Ion  in  June,  to  i/.  Ji.  in  July,  to  \l.  at.  yii.  in  August,  and  to  l/.  11.  a</.  in 
Septemlier,  whilst  they  have  since  been  brought  down  to  lilr.  41/.  in  E)ecembet.  Power 
cnits  had  also  fallen  from  S300/.  in  Jannnry  to  5000/.  in  June  1902 
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average.  At  tlie  main  shaft  boiler-plant,  of  a  rated  capacity  of 
1000  horse-power  (delivering  up  to  600  horse-jiower),  it  cost  4/,  \2s. 
in  February  1902, 

It  was  proposed  to  maintain  an  output  in  1902  of  about  6000 
tons  per  month,  of  an  average  value  of  2 1  dwL,  upon  which  a  profit 
of /Soo^-  P^''  nionth  was  expected  to  be  earned;  and  the  engineers 
expressed  the  belief  that  there  was  every  reason  for  confidence 
that  the  recurrence  of  ore  in  depth  would  be  proved,  "and  the 
continuance  of  a  prosperous  career  to  the  company  will  become 
assured." 

It  is  to  be  recollected  that,  in  addition  to  the  "Lake  View 
Lode "  upon  which  the  operations  of  the  company  have  be-^n 
mainly  concentrated  in  the  past,  there  are  the  "  Perseverance  lode," 
the  "  East  lode,"  and  presumably  "  Tetley's  lode "  to  be  yet  ex- 
plored ;  and  work  has  been  directed  to  open  up  the  "  Perseverance 
lode"  at  the  looo-feet  level,  with  all  speed.  At  the  meeting  held 
cMi  October  9,  1902,  the  Chairman  referred  to  the  discovery  of  the 
PeFseverance  lode  at  the  700-feet  level  as  a  strike  of  great  im- 
portance and  gave  interesting  particulars  about  this  and  other 
developments  which  appear  to  be  of  hopeful  augury  for  the  future. 
Thus  the  Perseverance  lode  had  been  driven  on  at  the  700-feet 
level,  and  for  50  feet  had  an  estimated  average  value  of  30  divt  ;* 
a  rich  "  seam  "  was  struck  in  the  shaft  at  1245  feet,  believed  to  be 
the  Lake  View  Lode  ;  and  at  the  looo-feet  level  the  main  forma- 
tion was  reported  to  be  heavily  mineralised,  carrying  ore  in  bunches 
which,  though  on  the  whole  low  grade,  in  one  portion,  for  20  feet, 
assayed  I  oz,  16  dwt. 

A  cable  dated  October  27,  stated  that  a  diamond-drill  bore  from 
the  west  cross-cut  11 30  feet  north,  700-feet  level  depressed  69",  at 
a  depth  of  400  feet,  5  feet  of  core  assayed  2  oz.  7  dwt.  per  ton, 
containing  telluride  of  gold,  and  at  the  depth  of  440  feet  which  the 
borehole  had  reached,  the  core  was  still  mineralised.  An  office 
note  stated  that  the  lode  referred  to  lies  between  the  Perseverance 

*  A  drill-hsle  frum  Ihe  630  feet  wcsi  cruss  cm  ni  ihe  iocx>-re«t  level  was  reported  Id 
November  1901,  l<i  have  |)a~s<.-<l  at  ^46  UxX  through  3  feet  of  ore  aisaj'ing  31  dwi.  and 
4  feet  assaying  3  (Iwt :  conuderrd  to  be  llir  Perseverance  lode.  Od  December  11  the 
North  drive,  at  the  looo-feet  level  frum  ibe  630  feel  cio»s-cul,  was  reported  (by  cable) 
driven  47  feet  shuwinf;  4  feet  cifore  in  Ihe  face,  Ihe  last  33  feel  assaying  I  oz.  per  ton, 
and  on  January  15.  1903,  a  cab'c  aniiounce<l  [hat  102  feet  had  been  driven ;  and  added, 
"  estiroale  Ejope  averaeings  over  full  « 'W.\S  of  the  drive  3  01.  per  ton  last  30  feel  driven," 
shouing  streaks  of  lelhiriile. 
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and  Lake  View  lodes,  and  it  was  calculated  that  it'  had  been 
intersected  at  a  vertical  depth  of  about  1050  feet. 

A  later  cable  (dated  October  30)  announced  the  strike  of  what 
appears  to  be  Tetley's  lode.t  reading  as  follows :  "  diamond-drill 
bore  from  west  cross-cut  1 130  feet  north,  1000-feet  level.  The  core 
from  467  feet  to  483  feet  assays  2  oz.  3  dwt.  per  ton,  containing; 
telluride  of  gold.  Apparently  the  dip  of  the  lode  is  70*  west.  ■  .  . 
This  gives  location  of  lode  75  feet  west  of  the  Associated  Gold 
Mines  boundary  at  a  vertical  depth  of  1090  feet,"  From  472  to 
477  feet  the  average  of  the  core  was  reported  as  high  as  3  oz.  13  dwt. 

These  discoveries  appear  to  be  of  great  importance,  and 
strengthen  the  opinion  the  Author  has  previously  expressed. 

At  an  extraordinary  general  meeting  of  the  company  held  on 
August  I  last,  it  was  resolved  to  authorise  the  increase  of  the 
capital  of  the  company  to  350,000/.  by  the  creation  of  100,000  new 
shares  of  1/.  each  to  xix^  pari  fassu  with  the  existing  shares  ;  and 
to  offer  the  new  shares  pro  rata  to  the  shareholders  on  the  register 
on  August  I  at  the  price  of  25^-.  per  share. 

With  this  extra  capital  at  the  company's  di.sposal  it  is  intended 
to  push  on  developments  to  2000  feet  in  depth  or  more  if  need  be. 

In  future  the  fiscal  year  will  close  on  June  30  instead  of 
August  31,  and  the  returns  are  now  given  in  fine  gold. 

It  is  intended  to  issue  a  quarterly  statement  of  "ore  reserves." 
The  total  at  September  30.  1902,$  was  computed  at  53,000  tons, 
assaying  23  dwt.,  exclusive  of  ore  in  the  Perseverance  lode,  and 
ore  partially  developed  estimated  to  amount  to  38,000  tons;  show- 
ing a  net  increase  of  15.167  tons  upon  the  ([uantity  on  June  30. 
On  December  31,  1902,  the  estimated  '"reserves"  amounted  to 
58,000  tons  blocked  out,  assaying  18  dwt.  12  gr.  per  ton,  and 
33,000  tons  partially  proved  assaying  12  dwt.  12  gr.  per  ton,  not 
including  the  Perseverance  lode,  and  lode  66  feet  east  of  it  on  the 
1000-feet  level. 

*  From  cnblts  of  Jitiu.iry  5  and  15.  1903,  il  Fei.'iit~  ihit  thU  "/brmalion"  Ik-s  about 
66  feet  east  of  the  Perseverance!  thfti  il  Vta-  lieen  struck  at  the  1000-feet  level  in  a 
L-iovi-cut  we^il  830  feet  north ;  and  Air  to  feet  driven  npun  il  north,  carried  telluride  and 
had  an  estimated  value  of  1  01.  over  the  full  »idth  of  the  drive  :  whilst  on  Januoiy  15 
the  last  20  feet  driven  was  reported  10  avera|;<-  I  0/.  per  ton. 

t  A  cable  dated  January  ■$,  1903,  announced  lh.i(  this  lode  had  been  driven  upon 
niitth  at  the  lOOO-feet  level,  and  at  a  |  oini  i»>  feel  south  of  the  Perseverance  and 
45  feet  west  of  the  As.sociated  boundarie?.  ii  was  ij  feet  wirle,  nisaying  15  dwt.  per  ton 
and  dipping  west. 

X  statist,  Oct.  18,  p.  658. 
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The   Great   Boulder. 

This  property  was  originally  owned  by  the  Coolgardie  (Sold- 
Mining  and  Prospecting  Company  (capital  225/.),  which  also 
owned  the  Lake  View  Consols  ;  the  present  company  was  Tormed 
in  June  1894,  and  it  had  formerly  an  area  of  JCg  acres  but,  owing 
to  the  sale  of  the  Boulder  No.  1,  at  present  comprises  about  S5 

Out  of  profits,  the  company  has  applied  considerable  sums 
to  expenditure  on  machinery,  buildings,  plant  and  development, 
and  provided  for  depreciation.  At  the  end  of  1900,  the  balance 
carried  forward  to  1901  amounted  to  51,200/.  3^.  6rf. ;  and  at  the 
end  of  1901,  the  sum  of  22,942/.  ys.  was  carried  forward  to  1902. 

The  profits  the  mine  has  returned  have  been  as  follows  - — 


1896 

16;. 542 

160 

ooo- 

20f. 

1897 

(sharcG  split) 

27*,  805 

248 

000 

1 5/.  per 
■/,slwe,a.d 
,    I^W.per 

'    21.  share. 

1898 

153,689 

160, 

000 

1          ^■ 

.S99 

"3.«6 

•74, 

800 

2J. 

1900 

ISS.9'9 

'7S. 

000 

,             U. 

1901 

,     JS4.928 

'?S- 

ODO 

2J. 

Two  masterly  formations  outcrop  on  the  western  side  of  the 
Great  Boulder  lease  known  as  the  West  lode  and  West  Branch 
lode.  The  West  lode  is  intersected  by  several  flat  ore-courses  or 
"caunter  lodes"  which  carrj*  rich  ore.  The  West  Branch  lode 
splits  in  two  in  the  middle  of  its  course,  forming  an  eastern 
and  western  loop  ;  and  in  the  same  way  the  West  lode  is  divided 
in  the  centre  by  a  "horse"  for  about  300  feet,  forming  an  east 
and  west  branch.  The  extension  of  the  West  lode  from  this 
point  northwards  goes  by  the  name  of  the  East  lode.  On  the 
eastern  side  of  the  lease  two  formations  known  as  Gamble  North 
and  Robertson's  have  been  developed  to  some  considerable  extent, 
and  have  produced  some  good  ore,  more  particularly  the  former 
•  One  Rjulder  No.  i  share  was  p.niii  in  retpect  of  each  Ureal  Boulder  Propneiarf 
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one,  but  as  compared  with  the  main  lodes,  are  low  grade  and 
irregular.  Gamble  North  lode  has,  however,  a  special  historical 
interest  (as  elsewhere  mentioned)  as  being  the  formation  upon  which 
the  original  location  was  made.  The  Ivanhoe  East  lode  traverses 
the  north  end  of  the  property  in  lease  102',  west  of  the  West 
Branch  lode ;  and  the  Ivanhoe  Middle  lode  crosses  the  south-west 
comer  of  lease  51' and  produced  some  good  ore  in  1901  ;  still 
further  to  the  west  at  the  north  end  of  the  property  other  forma- 
tions have  been  prospected  and  opened  up  in  leases  280°  and  61". 

In  1899,  9524  lineal  feet  of  development  work  was  executed  in 
shaft  sinking,  levels,  cross-cuts,  rises  and  winzes,  etc, ;  attention  being 
chiefly  directed  to  opening  up  the  West  lode  ;  which,  pending  other 
developments,  was  expected  to  furnish  the  principal  ore-supply  in 
the  immediate  future. 

Two  new  levels,  the  500  and  630-feet,  were  started,  and  as  well  as 
the  400-feet  level  were  driven  north  and  south  from  the  main  shaft. 

The  widths  and  values  of  the  lode  in  these  levels  were  returned 
as  follows  : — 


LcnL 

L™pl,Driv™. 

Avtnce  Widih 
ofUdt 

'*Q?£^t " 

!           f«t. 

1          [«t 

().      In. 

«  d«.  1 
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1          698 

2           6 

1         5«> 
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349 

4      ■! 

7       5 

1          SCO 
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'         360 

'        3 

1          600 
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'■         339 

I        6 
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■  1 

South 

j         345 

I       16 

In  1900,  6797  feet  of  development  work  was  executed  ;  the  Main 
Shaft,  Edwards  and  Lane,  being  altogether  sunk  675  feet,  and 
four  new  drives  were  commenced,  viz.  the  700,  800,  900  and 
1000-feet  levels,  and  extended  north  and  south  from  the  Main 
shaft. 

The  width  and  value  of  the  lode  in  these  levels,  which  were 
driven  915  feet  on  the  principal  ore-shoot,  were  set  out  in  the  report 
of  the  consulting  engineers  of  the  company,  Messrs.  John  Taylor 
and  Sons,  as  follows : — 


700-reoI  level  for  a  leogth  <^  255  feel 
800  „  „  264    ,, 

900  I.  ..  i4li,. 


Lode  Avf  nsed. 

\    'i 


'7 


Some  1466  feet  of  winzes  and  rises  were  sunk  and  put  up  in  1900 
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and  this  work,  besides  greatly  improving  the  ventilation  in  the 
deeper  workings,  it  was  stated  threw  clearer  light  on  the  lenticular 
splicing  of  the  ore-bodies,  and  also  on  the  breaks  in  their  contiQuit>~. 

At  the  end  of  the  year  all  the  main  ends  were  stated  to  be 
in  ore. 

In  the  Directors'  report  it  was  pointed  out,  that  during  the  year 
the  sulphide  reserves  standing  underground,  had  been  increased  by 
1 1,922  tons  ;  and  1376  tons  had  been  added  to  the  stock  of  ore  at 
surface. 

During  1901  several  important  developments  were  reported 
as  follows  : — 

On  May  13,  a  cable  announced  that*  ore  had  been  struck 
1 100-feet  level,  87  feet  west  of  shaft,  the  width  of  the  formation 
proved  to  be  5  feet  and  the  value  25  dwt. ;  and  at  1200-feet  level, 
qo  feet  west  of  the  shaft,  the  lode  was  struck  12  feet  wide,  assaj'ing 
17  dwt.  per  ton. 

On  May  20,  a  telegram  said:!  "iicxJ-feet  level  last  assay 
driving  north,  2  oz.  J  dwL  per  ton ;  driving  south,  3  oz.  18  dwt  per 
ton.  Have  commenced  to  drive  on  the  lode  1200-feet  level,  the 
value  is  improving,  the  average  width  is  maintained." 

An  article  in  the  Statist  of  August  24,  1901,  speaking  of  the 
West  lode  near  the  Ivanhoc  and  Golden  Horse-shoe  areas, 
remarked  : — 

"From  the  end  of  1900  to  June  30,  1901,  some  additional 
driving  \»as  done,  more  especially  at  the  700  and  900-feet  levels  ; 
the  thickness  and  value  being  greatest  in  the  southern  extension 
of  these  two  levels;  and  similarly  at  1000,  1100  and  1200-feet 
levels.  The  developments  to  the  date  named  have  exposed,  at  the 
700  and  900-feet  levels,  some  475  feet  of  a  large  ore-body,  in  parts 
stripped  to  a  width  of  some  1 2  feet,  with  recent  advices  of  ore  worth 
2  oz, 

"  Sloping  in  the  400-feet  level  south  was  reported  ( June  30)  as',in 
ore  13  feet  thick,  assay  value  41  dwt,  and  at  north  of  shaft  in  the 
same  (400-feet)  level,  7  feet,  value  22  dwt.  At  the  300-feet  level 
north  7  feet  of  ore  being  stoped,  is  reported  as  assaying  35  dwt.  ; 
600-feet  level  south,  4  feet  of  ore,  31  dwt.;  same  level  north, 
7  feet  of  ore,  35  dwt. ;  at  the  poo-feet  level — north  and  south — the 
stoping  in  sections  is  reported  as  in  8-fect  of  ore,  55  dwt." 

"At  700-feet  level  advices  reported:  north  driving  at  about 
150  feet  from  shaft,  had   pas.-ed   into  rock  of  '  no  value,' but  the 

•  Stalhl,  Au};ust  24,  I901.  f  Ibii, 
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south  drive  at  302  feet  from  the  shaft  was  in  4  feet  6  inches  width  of 
lode,  value  31  dwt. 

"At  1100-feet  level,  the  driving  north  (June  30)  was  in6-feet 
lode,  value  23  dwt.,  and  driving  south  in  4  feet  6  inches  lode,  value 
16  dwt 

"At  1200-feet  level  north,  ore  6  feet  wide,  value  12  dwt ;  and 
south  7  feet,  value  18  dwt." 

On  July  4,  a  cable  reported:  "Struck  ore,  assaying  15  dwt., 
5  feet  in  width,  cutting  plat,  1300-feet  level;  about  the  centre 
of  lode,  2  feet  assays  25  dwt. ;  shows  visible  free  gold  and  tellu- 
rides.     The  lode  looks  extremely  promising  ;  it  is  quite  new." 

By  the  kind  permission  of  the  proprietors  of  the  Statist,  the 
Author  is  permitted  to  reproduce  a  cross-section,  Fig.  68,  given  in 
the  article  I  have  quoted  (in  their  issue  of  August  24,  1901)  upon 
which  they  made  the  following  comments. 

The  distances  of  the  lode  from  the  main  shaft  at  various 
levels  are  indicated  in  the  small  fig^ures  shown  on  the  cross-cuts. 

"At  1300  feet  the  cutting  of  a  plat  exposed  the  5-feet  reef 
referred  to  in  the  July  4  telegram."  Reference  to  the  diagram 
shows  that  the  5-feet  lode  come  on  so  near  the  shaft,  cannot  be  the 
same  as  that  which  is  some  90  feet  distant  from  the  shaft  at  the 
level  above,  i.e.  the  1200-feet  level. 

By  telegram  dated  October  8,  advice  was  received  •  that  at 
1400  feet  in  depth  in  the  shaft,  a  diamond-dnll  west  at  74  feet  from 
shaft,  cut  a  lode  4  feet  thick,  value  4  dwt. ;  and  at  100  feet  from 
shaft  the  main  lode  was  intersected  7  feet  thick,  value  28  dwL  ;  at 
1500  feet  deep  a  bore-hole  west,  at  a  distance  of  80  feet  from  the 
shafl,  intersected  the  main  body  of  ore  9  feet  wide,  value  15^  dwt 

A  cable  published  in  the  Finatuial  Times  of  November  26,  1901, 
read  as  follows : — 

"  800-feet  level,  230  feet  to  the  north  of  the  western  cross-cut, 
have  cut  a  body  of  ore  assaying  30  dwt.,  4  feet  in  width  ;  ore  in  the 
south  end,  260  feet  to  the  south  of  the  western  cross-cut,  8  feet  in 
width,  2  oz.  10  dwt.  per  ton.  The  value  of  1200-feet  level  has  been 
gradually  improving  north  and  south  of  the  shaft ;  level  north 
driven  140  feet ;  average  assays  for  last  month  are  46  dwt.  10  feet 
in  width ;  the  lode  in  the  end  is  10  feet  wide,  and  carries  visible  free- 
gold — telluride  of  gold — not  less  than  5  oz, :  level  south  driven 
195  feet  Average  assays  for  last  month  are  25  dwt.,  8  feet  in 
width  ;  the  lode  in  the  end  is  8  feet  wide  and  carries  3  oz. ;  other 
*  StalitI,  Oct.  la,  1901. 
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levels  developing  satisfactorily.  Mine  promises  exceedingly  well 
for  the  future." 

The  correspondent  of  the  Financial  Times,  in  a  letter  dated 
Kalgoorlie,  January  4,  1902,  said  : — 

"  The  north  end  of  the  1 2CX)-feet  level  is  still  in  wonderfully  rich 
ore,  and  the  chute  is  apparently  a  very  long  one, 

"The  i30ofeet  level  had  been  rather  disappointing,  the  ground 
having  been  apparently  disturbed  by  a  fault ; "  it  was  recently 
reported,  however,  that  a  horizontal  bore,  put  out  west,  140  feet 
north  of  the  main  cross-cut,  came  on  10  feet  thickness  of  ore,  value 
24  dwt,  about  83  feet  from  the  west  boundary. 

"  The  western  cross-cut  at  the  1400-feet  level  has  intersected  the 
main  ore-body  at  a  point  100  feet  from  the  shaft  The  first  4  feet 
of  the  lode  is  schist  worth  5  dwt.,  the  next  6  feet  is  quartz  bulking 
26  dwt" 

A  British  Australasian  telegram  dated  March  1 1,  1902,  said : — 

"At  the  1200-feet  level  in  the  north  face,  the  lode  is  12  feet 
wide  and  worth  2  oz. ;  in  the  south  face  at  the  same  level  it  is 
10  feet  wide  and  worth  3i  oz. 

"  At  the  1400-feet  level  the  ore  maintains  its  width  and  is  worth 
26  dwt.  per  ton." 

Early  in  July,  the  "  plat "  at  the  1 500-feet  le\'el  was  completed. 
At  the  1200-feet  level  south  drive  the  width  of  the  ore  was  re- 
ported at  5  feet  assaying  30  dwt ;  as  compared  with  21  dwL  for 
the  last  half  of  June.  For  the  half  month  to  mid-August  it  was 
reported  with  reference  to  work  in  the  lowest  levels,  that  in  Sec- 
tion 31  at  the  1200-feet  level  north  the  considerable  width  of 
20  feet  was  shown,  assay  values  being  22  dwt  In  the  south  drive 
the  lode  was  7  feet  value  87  dwt.,  compared  with  29  dwt.  durii^ 
the  last  half  of  July. 

At  the  i4DO-feet  level,  the  south  drive  at  the  date  of  this  report 
showed  3  feet  of  ore  assaying  14  dwt.  as  against  10  dwt  previously  ; 
although  still  low,  values  at  this  point  had  been  steadily  improving. 
A  cable  in  Nov.  1902  reported  that  cross-cutting  at  the  isoo-feet 
level  75  feet  west  of  the  shaft,  the  lode  was  found  worth  35  dwt. 
per  ton,  9  feet  in  width  ;  drives  were  started  on  it  and  the  north 
drive  showed  a  width  of  6  feet  ^nd  an  assay  value  of  40  dwt 

Although  the  Western  lode  at  one  time,  it  is  said,  gave  occasion 
for  anxiety  in  regard  to  its  dip,  owing  to  its  proximity  to  the  eastern 
boundary  lines  of  the  Ivanhoe  and  Golden  Horse-shoe  companies, 
the  cross-section  shows  that  from  the  800  to  the  1300-feet  levels, 
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notwithstanding^  a  certain  amount  of  sinuosity,  its  dip  has  been 
practically  vertical. 

In  1901,  a  total  of  4746  feet  of  development  work  was  executed  ; 
less  attention  being  directed  to  sinking  than  to  ascertaining  the 
lateral  extent  of  the  main  "shoot,"  but  the  main  shaft  was  put  down 
222  feet  to  143 1  feet. 

The  700,  800,  900  and  lOOO-feet  levels  were  extended,  and  the 
1 100  and  i2oofeet  levels  commenced. 

The  following  figures  show  the  length  of  the  main  shoot  reported 
proved  in  1901  : — 

TOO  feel  lerel  ...       570  feel. 

800       „       .        .        .      538    „      SoDth  level  still  productive. 
900        „        .         .         ,      474I  „       Both  levels. 
1000        „         .         .         .       300    „      Lode  fiiulted  ia  both  levek,  but 
with  ore  above  *nd  below  ihe 
Elides, 
iioo        „        .         .         .       463    ,,       AveraBes4  feet  5  inches,  assa.y 


The  last  two  new  levels  were  still  in  good  ore,  both  to  the  north 
and  to  the  south.  In  the  i2co-feet  level  the  lode  it  was  estimated 
would  average  about  1 1  feet  in  width  after  stripping,  and  as 
regards  both  size  and  quality  combined  "  opened  up  the  best  piece 
of  ground  seen  for  some  time  past." 

An  examination  of  the  table  of  driving  in  1900,  on  page  527 
and  the  results  of  stoping  in  1901,  given  below,  shows  that  the 
initial  development  work  does  not  indicate  the  full  width  available 
for  stoping. 

Slefes,  1 90 1. 
700-feet  level  for  a  length  of  270  feet  width  ^\  feet. 

800  „  ,,  3ZO         „  .  '        91    » 


The  underground  work  at  the  end  of  1901  aggregated  loj  miles, 
and  3i  miles  of  exploratory  boring  had  been  done.  The  tempera- 
ture at  the  1400-feet  level  is  fairly  constant  at  80°  F. 

The  ore  treated  during  the  year  showed  besides  ordinary  iron 
pyrites,  a  notable  quantity  of  tellurides,  and  contained  gold,  silver, 
copper,  cadmium,  besides  some  arsenical  pyrites.  The  silica 
averaged  75  per  cent,  lime  /'S  per  cent,  and  magnesia  4*75  per 
cent,  in  the  ore  obtained  in  the  lloo  and  I20ofeet  levels. 

The  company  up  to  June  1899  only  dealt  with  free-milling 
oxidised  ore,  and  that  month  commenced  to  deal  with  sulphide 
ore  ;  since  1901,  it  has  used  its  stamp-battery  as  well  as  its  sulphide- 
plant,  for  crushing  sulphide  ore. 
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"The  monthly  average  of  gold  produced  in  1900  was  about 
35,900/."     In  1901  it  averaged  about  39,821  net 

In  the  issue  of  the  Statist  already  quoted,  it  was  pointed  out  that 
the  value  of  the  bullion  produced  had  fallen  from  about  4/.  per  oz. 
in  1899,  to  3/,  4r.  per  oz,  in  July  1901 ;  •  and  that  this  no  doubt 
contributed  to  weaken  the  market  price  of  the  shares. 

As  a  set-off  against  this,  however,  the  quantity  of  ore  treated  in 
1901  was  larger,  viz.  89,121  tons,  or  on  the  average  7426  tons 
per  month  ;  the  tailings  reserve  stood  at  51,643  tons  as  compared 
with  70,055  tons  at  the  end  of  190a 

Details  of  the  tonnage  of  ore  and  tailings  treated,  and  the 
bullion  value  from  the  commencement  of  operations  to  the  end  of 
December  1901,  are  given  in  the  Company's  Annual  Report  as 
tabulated  below,  and  particulars  of  bullion  output  and  working 
costs  will  be  found  in  the  various  tables  the  Author  has  compiled. 

Yar.  OraTnalcd.       Tailings  Tiealed.  Value. 


4,291 

1   107,013 

16.719 

"3.70s 

19-463 

I   336.844 

41.043 

■   334.123 

5". 835 

23.707 

333.54" 

S4.680 

93.7*6 

430,783 

89.IJI 

107,535 

477,854 

The  shareholders  in  respect  of  profits  earned  up  to  the  end  of 
1901  have  received  a  return  on  their  investment  of  695  per  cent. 

At  the  end  of  1901,  the  ore  reserves  were  estimated  by 
Mr.  Hamilton  down  to  the  1200-feet  level  in  the  main  shaf^,  and 
the  looo-feet  level  in  Lane  Shaft  (including  13,306  tons  at  grass), 
at  240,816  tons  assaying  in  gold  332.503  oz. 

At  the  Company's  Annual  Meeting  t  May  15,  1902,  the 
Chairman,  Mr.  G.  P.  Doolette,  pointed  out  that  the  tonnage  treated 
in  1901  was  63  per  cent,  more,  whilst  the  expenses  had  only 
increased  27^  per  cent.,  and  that  whilst  the  daily  output  of  the 
sulphide  mill  in  September  was  165  tons,  it  had  reached  200  tons 
already  per  diem. 

This  had  led  Mr.  Hamilton  to  obtain  authority  from  the  Board 


*  The  value  in  October  1903.  I  am  inlbrmed,  ^ 
t  Financial  7'ima,  May  16,  1902. 
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to  erect  six  more  furnaces  at  a  cost  of  about  10,000/.,  and  the  output 
it  was  expected,  would  thereby  be  increased  70  tons  per  diem : 
an  extraction  of  about  94  per  cent,  he  also  mentioned,  was  being 
obtained. 

The  battery,  when  these  changes  are  made,  will  be  exclusively 
reserved  for  the  treatment  of  any  oxidised  ore  discovered. 

Mr.  Hamilton,  in  his  annual  report  for  1901,  stated  that  "the 
present  bottom  level  of  the  mine  is  the  best  below  the  200-feet 
level,  and  its  appearance  justified  an  expectation  of  a  long  con- 
tinuation of  ore  laterally  and  also  in  depth.  He  remarked  that  work 
at  Lane's  shaft  had  not  discovered  pay-ore  at  the  looo-feet  level ; 
but  "  the  lode  looks  strong  and  promising  and  will  very  likely 
improve  at  greater  depth," 

The  r^ularity  and  length  of  the  ore-channels,  and  the  first  rate 
management  that  has  characterised  the  undertaking  from  the  start, 
hold  out  excellent  prospects  for  the  future  ;  a  formation  presumed 
to  be  entirely  new  was  recently  encountered  at  the  1600-feet  level 
17  feet  west  of  the  shaft,  bearing  35°  west  of  north,  and  dipping  80°, 
It  was  reported  to  have  a  width  of  2  feet  and  to  average  17  dwt. 
per  ton,  showing  values  ranging  from  8  to  50  dwt.  per  ton.  The 
following  cable  of  later  date,  which  was  reported  in  the  Statist  of 
October  25,  1902,  said  :  "  Prospecting  with  diamond-drill  boring 
horizontally  l6oo-feet  level ;  have  struck  ore  57  feet  west  of  the 
shaft ;  first  1 1  feet  is  equal  to  an  average  of  27  dwt  per  ton, 
remaining  5  feet  is  equal  to  an  average  of  10  dwt  per  ton.  The 
lode-stuff  consists  chiefly  of  quartz  with  schist."  As  the  main 
formation  is  100  feet  west  of  the  shaft  at  the  1400-feet  level,  it 
would  appear  to  have  a  westerly  underlie  between  these  two  levels. 
This  development  appears  a  most  important  one  for  the  field. 

In  December,  the  formation  was  cross-cut  at  57  feet  6  inches 
from  the  shaft  and  for  a  width  of  16  feet  was  reported  to  average 
22  dwt 

It  is  said  to  be  the  company's  intention  to  prospect  the  north 
end  of  the  property  from  Janson  shaft 

At  date  of  June  30,  1902,  I  am  informed  that  the  ore-reserves 
in  sight  (not  including  or  below  the  1 200-feet  level)  were  estimated 
by  Mr.  Hamilton  at  249,000  tons. 

The  mine  costs  in  1902  are  also  stated  to  show  a  great  reduc- 
tion on  1900  and  1901,  as  given  in  the  Citizen  of  February  7,  1903, 
viz.  sulphide  mill  \\s.  4^.,  tailings  ts.  6d.,  general  charges  %d., 
stoping  1  IS.  gd,  and  development  6s.  ^d. ;  total,  i/.  i6s.  6d.  per  ton. 


,v  Google 


in    Western   Australia. 


The  Ivankoe. 


This  mine  was  "  pegged  out "  in  the  autumn  of  1S93,  and  was  at 
one  time,  it  is  said,  offered  for  sale  for  *  40/. ! 

The  capital  of  the  first  company  formed  in  Melbourne  to  work 
the  property  was  15,000/,,  with  a  working  capital  of  4000/.,  but  the 
company  was  subsequently  reconstructed,  and  its  capital  was  in- 
creased to  50,000/.  which  provided  an  additional  18,6-15/.  In  1895, 
1757  tons  were  crushed,  yielding  3036  oz.,  or  an  average  of  34"  5  dwt. 
per  ton.  The  property  was  taken  over  by  the  present  company  on 
October  14.  1897. 

It  was  considered  to  have  a  larger  reserve  of  oxidised  ore  than 
any  other  mine  on  the  field  ;  and  owing  to  the  several  formations 
which  traverse  it  being  well  in  towards  the  centre  of  the  property, 
as  is  the  case  with  the  Perseverance,  both  have  been  less  troubled 
than  some  of  the  other  mines  by  adverse  rumours  regarding  the 
course  and  dip  of  their  ore-bodies.  Steady  returns,  and  its  excellent 
management,  have  therefore  made  it  a  favourite.  The  Statist  gives 
various  interesting  particulars  of  this  property  in  its  issues  of 
August  25,  1900,  September  21  and  October  5,  1901  ;  and,  by 
the  kind  permission  of  the  proprietors,  the  Author  is  permitted  to 
reproduce  the  accompanying  plans  and  sections  (Figs.  69,  70,  yi, 
72  and  73)  that  were  given  in  the  latest  issue  referred  to. 

The  principal  formations  upon  which  work  has  been  done  are 
known  as  the  East,  Middle,  and  New  lodes. 

Several  other  "  formations  "  (known  as  the  West  lode,  Patterson's 
lode,  and  the  Boulder  lode)  lie  within  the  area  the  company 
possesses.  The  New  lode  and  Patterson's  lode,  appear  to  be 
merely  main  branches  respectively  of  the  East  and  Middle  lodes. 

The  fioulder  lode  crosses  the  Ivanhoe  Company's  lease  at  its 
south-east  comer,  and  is  expected  to  give  a  short  run  of  very  rich 
ore,  carrying  as  it  does  high  values  for  1 50  to  200  feet  in  length  ; 
but  the  West  lode,  Patterson's,  and  the  Boulder  lode  have  not  been 
developed  to  any  extent  The  East  lode,  which  has  been  opened 
up  like  the  Middle  lode  from  boundary  to  boundary,  is  in  places  of 
great  width,  running  up  to  15  feet  or  more  in  thickness  ;  but  its 
average  width  is  gjiven  t  as  being  about  7  feet,  in  which  payable 
values  are  practically  continuous  for  a  length  of  1000  feet.     The 

*  Slatitl,  August  35,  1900. 

t  Report  of  the  Consulling  EnginecR!  (Abstract)  Finaniial  Timtt,  August  30,  1901. 
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Middle  lode  is  comparatively  narrow  in  the  upper  workings,  except 
for  a  short  section  south  of  Patterson's  shaft,  where  it  is  stated  to  run 
from  15  up  to  22  feet*  in  width;  but  its  average  width  is  also 


'  Stalin,  October  5,  1901. 
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put  •  at  about  7  feet,  and  it  is  likewise  stated  to  carry  payable 
values  (practically  continuous),  for  a  length  of  about  1000  feet 


CtUen  Hcrssphee  Greiuid 


*  Report  of  the  Coiuultiiie  Eogiueers  (  Abstnet)  Fmandal  Tima,  August  30,  1901 
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In  the  lower  workings  at  the  soo-feet  level  north,  it  widens 
out  in  places,  however,  I  believe  to  8  or  9  feet.  The  New  lode,  so 
far  as  it  has  been  developed,  appears  from  the  company's  report  to 
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have  ranged  from  i^  to  j  feet  in  thickness,  say  2  to  3  feet  on  the 
average  (over  a  length  of  400  to  600  feet).  It  is  stated  to  be 
somewhat  irregular  and  uncertain  in  value,  but  can  be  compara- 
tively cheaply  mined  with  a  certain  amount  of  selection  in  the 
slopes.  The  West  lode  appears  to  have  been  intersected  in  1901 
in  the  west  cross-cut  from  Patterson's  shaft  at  the  5oofeet  level  at 
266  feet  from  the  shaft  where  driving  was  commenced  on  21  inches 
of  ore  assaying  2  oz.  per  ton,  but  it  is  generally  narrow — about 
2  feet — and  said  to  be  patchy. 


Fig.  73. 

The  trend  of  these  various  formations  is  shown  on  the  "plan," 
which,  to  avoid  complication,  only  gives  the  upper  levels,  and  it 
may  be  noticed  that  the  E^st  and  Middle  lodes,  which  approach 
one  another  at  the  south  end  of  the  lease,  branch  off,  going  north, 
the  one  striking  north-west,  the  other  further  to  the  west. 

It  is  worth  notice  that  both  the  Middle  and  New  lodes  show 
remarkable  parallelism,  down  to  the  400-feet  level  viewed  in  cross- 
section  C  D,  Fig.  73,  both  exhibiting  similar  bends  at  the  same 
horizon,  as  for  instance,  between  the  lOo  and  200-feet  levels,  but 
they  seem  to  approach  closer  together  at  the  600-feet  level.  During 
the  first  years  of  the  company's  existence,  work  was  chiefly  confined 
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to  the  upper  levels,  but  a  large  amount  of  development  work  at 
and  below  the  300-feet  level  has  been  done  within  the  last  two 
years,  and  in  the  middle  of  1901,  driving  was  commenced  on  the 
Middle  lode  at  a  depth  of  600  feet.  On  the  same  lode,  at  the 
Soo-feet  level,  nearly  1000  feet  in  all  had  then  been  driven.  On 
the  Eastern  lode,  at  both  the  400  and  500-feet  levels,  some  800 
feet  in  the  one  and  over  1000  of  driving  in  the  other  had  been 
executed  at  the  end  of  1901. 

No  development  work  had  been  done  at  the  date  referred  to 
below  the  500-feet  level  on  the  Eastern  lode,  beyond  sinking  to  600 
feet,  and  commencing  to  open  out  at  that  depth,  but  the  600-feet 
level  on  the  Middle  lode  was  considerably  advanced  north  and  south 
of  Patterson's  shaft,  which  was  put  down  to  over  700  feet  in  depth. 

In  the  early  part  of  1901  exploratory  work  at  the  400-feet  level 
is  stated  to  have  proved  the  New  lode  to  be  2  feet  thick,  worth  2  oz. 
per  ton,  and  where  cross-cut  at  the  600-feet  level  it  showed  a 
thickness  of  2  feet  6  inches,  of  a  value  of  3  oz. 

In  the  northern  part  of  the  lease  a  cross-cut  east  from  Drysdale's 
shaft  at  the  500-feet  level,  at  341  feet  from  the  shaft,  was  stated  to 
have  cut  the  Eastern  lode,  3^  feet  thick,  where  it  had  a  value  of 
I  oz.  4  dwt 

The  progress  report  of  February  15,  1902,  referring  to  Drys- 
dale's shaft,  stated  that  at  the  700-feet  level,  40  feet  east  of  the  main 
shaft,  an  ore-body  had  been  intersected  which  the  managers  took 
to  be  the  "  New  lode,"  2^  feet  wide,  average  assay  value  i  oz.  per  ton. 
A  cable  dated  April  23  reported  that  the  Middle  lode  had  been  cut 
at  the  600-feet  level  in  Drysdale's  shaft,  value  over  2  oz.  for  awidth 
of  7i  feet. 

The  progress  report  for  the  first  half  of  May  stated  that  the 
cross-cut  west  at  the  700-feet  level  at  72  feet  from  Drysdale's  shaft 
intersected  an  ore-body  15  inches  thick  assaying  2  oz.  4  dwt.  per 
ton.  This  in  the  manager's  opinion  was  the  Middle  lode"  faulted 
west.  In  September  a  cable  notified  the  cutting  of  the  East  lode 
at  the  700-feet  level  ;  the  full  width  given  in  a  later  cable  being 
put  at  9  feet,  bulk  assay  i  oz.  10  dwL  In  December  1902,  the 
east  cross-cut  from  Patterson's  shaft.  No.  8  level  (865  feet),  cut  the 
New  lode  at  47  feet  width,  l\  feet,  assaying  i  oz.  5  dwt.  per  ton, 
and  an  office  note  stated  that  the  lode  between  No.  7  and  No.  8 
levels  has  taken  an  easterly  dip. 

*  The  Middle  lad«  in  a,  winze  below  tbe  700-reet  level  hu  mace  been  reported 
proved  tn  have  a  width  or  iz  feet  and  an  avenge  value  of  i  oz. 
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Several  "faults"  are  stated  to  cross  the  "formations,"  but  they 
do  not  appear  to  have  "  thrown  "  the  main  lodes  appreciably  out  of 
their  course,  or  "cut  off"  the  ore-shoots,  as  frequently  happens 
in  other  cases.  The  Statist  observes  that  the  Boulder  lode  has 
been  brought  into  the  Ivanhoe  ground  by  a  horizontal  "slide" 
of  this  kind. 

The  widths  and  values  of  the  formations  shown  in  the  three 
longitudinal  sections  given  in  the  Statist,  are  indicated  at  different 
points  by  the  figures  upon  them. 

The  shaded  portion  represents  those  parts  of  the  formations 
that  had  been  sloped  out  at  the  end  of  1900,  but  the  development 
work  is  carried  up  to  June  30,  1901. 

The  tonnage  of  ore  treated  and  amount  of  bullion  won  in 
lS99>  19^^  ^"d  1901  have  been  as  follows  : — 


I 

Ton.. 
28,76s 

Conmn<, 

53.7^7 

VJuc. 
£  S.=rling.         , 

U98' 

208,192        1 

1899 

S9,6<H 

104,009 

40O,S44 

1900 

74.750 

107,141 

408.065 

i            "°' 

90.4*3 

108.767 

l^Mi 

The  dividends  that  the  company  paid  up  to  January  28,  1902, 
inted  to  625,000^  and  are  shown  in  Table  XII.  p.  580 ;  38,000/. 
of  the  balance  carried  forward  (after  paying  the  final  dividend  for 
the  year  1900)  was  set  aside  to  be  applied  to  additions  to  plant  ; 
an  extra  40  stamps  with  accessories  having  been  ordered.  This 
has  enlai^ed  the  battery  to  100  heads  at  a  cost  of  58,825/. 

In  1901,  considerable  sums  were  expended  on  capital  account, 
chiefly  with  respect  to  the  enlargement  of  Patterson's  shaft,  to  pro- 
vide for  a  lai^er  output  in  connection  with  the  increased  capacity  of 
the  reduction  works,  and  the  decision  of  the  Directors  to  press  on 
with  the  development  of  the  mine  in  depth. 

The  past  heavy  outlays  on  capital  account  should,  however, 
gradually  be  greatly  reduced ;  but  the  outlay  upon  development 
work  may  possibly  be  somewhat  increased  to  correspond  with  the 
increased  output. 

The  results  that  have  been  attained  so  far,  are  scarcely  a  fair 


•  Thirteen  montbf.  " 
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crit<:non  of  what  may  be  expected  in  the  near  future,  assuming  that 
now  the  full  number  of  stamps  (lOO)  are  in  operation  they  should 
be  able  to  deal  with  1 2,000  tons  a  month,  or  more,  as  the  altera- 
tions to  the  old  battery  were  only  completed  towards  the  end 
of  1902. 

All  but  a  comparatively  small  proportion  of  the  company's  ore, 
both  oxidised  and  sulphide,  can  be  treated  by  the  stamp-battery. 
The  concentrates  and  any  rich  sulpho-telluride  ore  produced  were 
formerly  bagged  and  shipped  to  smelting-works,  and  as  the  bullion 
resulting  from  sales  of  ore  to  the  smelters  is  returned,  as  is  usually 
the  rule,  at  its  ntt  value,  the  treatment  charges  upon  it  did  not 
figure  in  the  mine  costs,  as  is  the  case  with  mines  which  do  not 
ship  ore  to  public  smelting-works. 

On  December  31,  1900,  there  were  reported  to  be  227,827  tons 
of  ore  in  sight  above  the  500-feet  level,  and  at  grass  ;  being  1 5,954 
tons  in  excess  of  the  amount  on  hand  at  the  end  of  the  previous 
year. 

In  1901,  the  quantity  of  ore  crushed  and  treated  was  90423  tons, 
which  averaged  1  oz.  4  dwt  I  gr.  per  ton.  At  the  end  of  I90i,the 
ore  in  s^ht  above  the  600-feet  level,  including  JO,0O0  tons  at  grass, 
was  estimated  at  313,971  tons  of  an  average  grade  of  i  oz.  6  dwt. 
per  ton,  an  increase  of  86,144  tons  over  that  in  sight  at  the  com- 
mencement of  the  year. 

At  the  Annual  Meeting  of  the  Company  on  May  2,  1903,  the 
Chairman,  Mr.  Francis.  F.  Govett,  is  reported  to  have  remarked  : — 

"  Each  of  the  main  lodes  appears  as  solid  and  good  at  the 
bottom  as  elsewhere,  and  I  think  I  may  fairly  say  there  is  no  sign 
of  the  runs  of  ore  shortening  in  depth. 

"  The  length  of  the  runs  of  ore  and  the  regularity  of  the  lodes 
are  the  great  features  of  the  mine,  and  this  is  where  we  have  the 
pull  over  the  rest  of  the  field. 

"  We  may  not  be  so  rich — even  this  has  its  advantages,  as  we 
are  not  so  liable  to  robbery  of  rich  ore — but  we  are  regular,  and 
where  we  drive  a  level,  practically  you  may  say  we  open  up  so 
much  reserves.  Now  where  lodes  are  long  and  regular,  they  are 
held  to  be  more  certain  to  continue  in  depth,  and,  unless  some- 
thing unlikely  occurs,  you  may  assume  that  our  lodes  do  live 
down. 

"  I  may  not  be  able  to  bring  home  to  you  my  convictions,  but 
when  I  stood  on  the  i200-feet  level  of  the  Great  Boulder — which 
is  close  alongside  our  East  lode — and  saw  there  a  great  solid  lode 
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14  feet  wide,  with  its  magnificent  run  of  ore,  and  reflected  that  this 
lode  had  been  cut  300  feet  below  at  the  ijcxj-feet  level,  I  can  assure 
you  it  seemed  impossible  to  have  any  doubt  about  the  future  of 
our  mine." 

Mr,  Govett  laid  particular  stress  on  the  "  efficiency  of  manage* 
ment,"  remarking:  "I  have  studied  report  after  report,  and  the 
lesson  1  have  learned  is,  that  the  greatest  economy  is  only  obtained 
by  the  greatest  efficiency. 

"  In  England  we  find  it  difficult  even  to  tear  out  worn-out 
machinery  to  replace  by  up-to-date." 

The  fact  he  mentioned,  that  the  old  stamps  only  crush  75  per 
cent  of  the  amount  of  ore  the  new  ones  are  able  to  crush,  coupled 
with  the  statement  that  repairs  to  the  old  mill  cost  about  4000/.  per 
annum  or  over  is.  per  ton,  affords  an  admirable  illustration  why 
in  America  they  re-model  machinery  when  it  gets  out  of  date  or 
when  past  services  relegate  it  to  the  "scrap-heap."  The  old  battery 
has  therefore  undergone  alteration,  and  it  is  estimated  that  by  a 
capital  expenditure  of  2Z,5ocw^  by  altering  the  old  mill  the  net 
annual  saving  should  amount  to  35,000/.,  without  allowing  for  the 
additional  economy  of  driving  the  battery  with  one  engine  in 
place  of  two ;  one  of  which  is  of  an  older  type  than  the  other. 
Mr.  Govett  further  observed  that  "every  mine  has  a  scale  up 
to  which  it  can  be  legitimately  worked,  and  the  scaleof  loostamps 
is  probably  near  the  limit  of  the  Ivanhoe,  with  its  small  area 
of  24  acres,  notwithstanding  its  three  main  lodes. 

"  Anyway,  before  any  extension  can  be  considered,  the  first 
thing  to  be  done  is  to  make  the  equipment  on  the  present  scale 
absolutely  efficient  and  up  to  date  \  in  effect  to  crush  the  greatest 
number  of  tons  with  100  stamps  at  the  lowest  possible  cost. 

"  Slovenly  machinery  means  bad  work, 

"  Here  in  London  we  have  perhaps  not  properly  grasped  the  im- 
portance of  getting  absolutely  the  best  work  out  of  your  machinery." 

To  do  so  Mr.  Govett  pointed  out  that  a  periodical  inspection 
by  a  good  mechanical  engineer  was  requisite,  and  this  in  no  way 
reflected  on  the  staff,  as  but  few  mines  are  in  a  position  to  keep  a 
first  class  man  permanently  engaged  for  this  purpose.  In  other 
directions  Mr.  Govett  foreshadowed  a  reduction  in  working  ex- 
penses, such  as : — 

The  introduction  of  two  or  three-ton  skips  automatically 
delivering  the  ore  to  the  rock-breakers. 

The  installation  some  day  perhaps  of  a  central  electric  power 
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station,  in  place  oi  employing  a  number  of  small  outlying  engines. 
An  alteration  (under  trial)  in  the  old  method  of  stoping,  viz., "  pyra- 
midal sloping."  The  sale  of  sufficient  gold  in  Perth  to  cover  the 
monthly  expenditure,  and  shipment  of  the  balance  to  London  to 
avoid  borrowing  against  gold  in  transit  for  working  expenses. 
Efforts  initiated  so  as  to  secure  legislation  in  order  to  reduce  cost 
of  living,  supplies,  etc. 

The  treatment  of  the  concentrates  on  the  mine  by  roasting  and 
cyanide  ;  reduction  in  the  price  of  dynamite  ;  the  more  extended 
use  if  found  practicable  of  oil  fuel ;  and  the  closing  of  the  Mel- 
bourne office.  The  protection  of  the  interests  of  Colonial  share- 
holders by  creating  shares  to  bearer,  the  coupons  on  which  are  to 
be  payable  in  Australia  on  the  same  date  as  the  dividend  is  payable 
in  London. 

The  progress  reports  are  in  future  to  be  submitted  in  a  different 
form,  so  as  to  make  them  clearer  to  the  average  shareholder. 

The  policy  of  "secrecy  "  about  the  operations  of  the  mine,  has 
been  abolished,  and  friendly  relations  with  other  companies  culti- 
vated i  and  it  was  anticipated  that  economy  will  result  by  driving 
the  main  levels  in  future  further  apart 

No.  7  level  is  125  feet  below  No,  6,  and  No.  8  will  probably 
be  driven  150  to  175  feet  below  Na  7,  and  ultimately  they  may  be 
driven  200  feet  apart. 

The  extraction  in  the  sulphide  works  is  reckoned  at  86  per  cent, 
and  another  3  per  cent  is  recovered  by  smelting,  making  a  total  of 
about  89  per  cent 

Mr.  Govett  illustrating  the  difficulties  of  the  conditions  under 
which  mining  has  to  be  carried  on  in  Western  Australia,  mentioned 
that  he  believed  that  under  the  best  conditions  in  England  with 
water-power  or  gas,  the  cost  of  power  per  horse-power  is  about 
4^  per  annum  ;  whilst  the  cost  at  the  Ivanhoe  was  about  45/.  per 
annum,  which  is  "  veiy  nearly  the  cheapest .  on  the  field ;"  and  it  is 
certainly  below  the  average  ;  as  Mr.  Alfred  James  estimates  •  the 
average  cost  per  horse-power  at  Kalgoorlie  at  between  50/.  and  yo^ 
per  annum,  or  3j.  to  41,  per  diem. 

As  showing  the  effect  of  this  he  mentions  that  a  cyanide  plant 
treating  20  tons  per  dJem  and  requiring  60  horse-power  would  cost 

•  Cyanidt  PracHci,  p.  103. 

t  "nie  Author  believes  tluit  with  the  best  ■ppliances  4/.  per  month  is  a  low  figure  »t 
Kalgoorlie,  whilst  «t  Cripple  Creek  the  cost  per  horse-power  per  month  may  be  reckoned 
at  about  14^. 
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for  this  one  item  i8ar.  to  240?.  per  diem,  or  gj.  to  i2j.  per  ton  for 
horse-power  alone. 

Messrs,  Bewick,  Moreing  and  Ca,  who  are  the  Consultii^ 
engineers  to  the  company,  in  a  report  recently  published,*  to 
which  reference  has  already  been  made,  point  out  a  fact  the 
Author  has  laid  stress  upon,  viz.  that  the  Ivanhoe  ore  carries 
more  quartz  than  most  of  the  other  Kalgoorlie  mines,  and  that 
although  it  contains  telluride,  the  distribution  of  the  telluride  is 
not,  or  at  least  has  not  hitherto,  been  found  proportionate  to  the  gold 
contents,  but  it  occurs  in  isolated  shoots  or  patches  ;  for  instance, 
as  a  stretch  north  of  Drysdale's  shaft  on  the  Middle  lode ;  the 
practical  effect  of  this  being  to  permit  a  la^e  proportion  of  the 
ore  being  treated  as  a  comparatively  free-milling  proposition  ;  the 
proportion  of  the  ore  mined,  which  is  of  refractory  nature,  consti- 
tuting, according  to  a  careful  estimate,  about  14  to  15  per  cent  of 
the  whole.  This  more  refractory  portion  on  such  levels  as  have 
been  partially  stoped,  has  hitherto  been  dealt  with  as  already 
described  by  smelting,  or  treatment  on  a  comparatively  small  scale 
at  the  mine  ;  but  the  amount  so  treated  has  not  been  proportionate 
to  the  amount  of  free  milling  ore  crushed,  and  the  ratio  of  re- 
fractory to  free  milling  ore,  is  therefore  higher  in  the  present  and 
prospective  ore-reserves,  than  originally  in  the  mine. 

The  terms  "  refractory  "  and  "  free-milling  "  are,  however,  relative, 
as  with  the  greatest  possible  care  in  sorting  some  proportion  of 
refractory  mineral  is  bound  to  be  sent  to  the  mill. 

With  the  cessation  of  stoping  in  the  oxidised  zone,  the  difference 
between  the  two  classes  of  ore  is  naturally  becoming  less  marked 
than  it  was,  and  of  late  an  occasional  bunch  of  telluride  ore  has 
been  found  outside  of  the  boundaries  of  the  recognised  telluride 
shoots. 

The  report  states  that  steps  will  therefore  have  to  be  taken  either 
to  increase  the  proportion  of  refractory  ore  treated,  or  to  so  modify 
the  existing  treatment  as  to  permit  of  dealing  with  the  ore  in  bulk 
without  seriously  prejudicing  the  extractions  obtained. 

Another  noteworthy  feature  is,  that  although  the  lodes  seem  to 
be  practically  vertical  a  series  of  step-faults  occur,  which  succes- 
sively throw  the  lodes  in  a  westerly  direction  going  down,  producing 
the  same  effect  as  a  westerly  underlay. 

These  "  slides,"  whilst  they  squeeze  the  lodes  out  of  place,  do 

•  Report  dated  Kalgoorlie,  July  19,  190a. 
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not  in  every  instance  interrupt  the  continuity  of  ore-bodies,  although 
as  a  rule  there  is  a  considerable  impoverishment  within  the  area  of 
disturbance,  and  low  values  are  met  with. 

A  careful  estimate  of  the  ore-reserves  made  by  Messrs.  Feldt- 
mann,  Prttchard  and  Hollow,  for  Messrs.  Bewick,  Moreing  and  Co., 
showed  the  following  ore-reserves ; — 

I  I    Gold  CODtcalL    I        Av,  V.  l..e. 


Uiddlelode :       171 '35° 

Eait  lode <       155,150 

Boolder  tode  5,621 

New  lode 33.SSS 

West  lode 5-474 


A  calculation  made  to  determine  the  annual  minimum  rate  of 
sinking  to  keep  pace  with  the  mill  requirements  showed  that,  taking 
No.  4  level  for  a  basis  of  estimation,  there  were  standing  : — 


In  ibe  East  and  Middle  lodes 

In  tbe  New  lode  developed  or  to  be  developed 

Stopcd  rrom  the  Middle  uid  East  lodes 


This  is  stated  to  be  a  consen'ative  estimate  Cleaving  out  of 
account  the  West  and  Boulder  lodes)  of  what,  provided  the  lodes 
continue  as  productive  as  heretofore,  they  may  be  expected  to 
produce  per  lOO  feet  in  depth.  Reckoning  the  output  of  100  stamps 
at  best  at  170,0CX>  tons  per  annum,  a  sinkage  of  1 50  to  200  feet  per 
annum  should  therefore  keep  the  developments  well  abreast  of  the 
mill. 

The  report  adds :  "  It  is  strongly  to  be  recommended  that  the 
enterprise  in  development,  and  caution  as  regards  crushing  plant, 
which  has  characterised  the  company's  policy  in  the  past,  be 
rigorously  adhered  to."  - 

The  equipment  of  the  mine  was  detailed,  and  the  treatment 
of  the  ore  described,  and  as  regards  cost  it  was  pointed  out  that 
in  considering  the  cost  of  various  operations  there  is  no  standard 
with  which  to  compare  them,  except  as  regards  mining,  as  the 
method  of  reduction  has  hitherto  allowed  of  a  simpler  method  of 
treatment  than  is  generally  applicable  on  the  fields.  Never- 
theless, particularly  as  regards  power  costs,  economies  could  pro- 
probably  be  made ;  although  with  improved  but  increased  com- 
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plication  in  treatment,  costs  will  tend  to  rise,  to  counterbalance 
which  increased  economy  in  other  directions  should  be  studied. 
In  the  mine  report  of  September  30,  1902,  it  is  stated  that  the 
consumption  of  water  had  been  reduced  to  10,900  gallons  per 
diem,  and  the  fuel  burnt,  to  97  tons.  The  mine  report  for  October 
1902,  mentioned  that  on  the  East  lode  at  the  700-feet  level,  there 
was  6  feet  of  solid  stone  in  the  north  face  worth  16  dwt,  and  a 
bore-hole  to  the  west  showed  a  value  of  I  oz.  3  dwt.  per  ton.  At 
the  600-fect  level  on  the  East  lode  the  south  drive  was  within  160 
feet  of  the  boundary  in  high  grade  ore,  and  the  Report  said : — 
"  We  have  every  reason  to  assume,  that  the  shoot  will  continue 
right  up  to  the  Golden  Horse-shoe,  and  if  such  proves  to  be  the 
case,  it  will  make  the  shoot  practically  1250  feet  long,  and  as 
proved  by  a  cross-cut  in  Section  13,  the  lode  was  18  feet  wide 
worth  2  oz.  8  dwt  per  ton,  and  bore-holes  in  every  15  feet  showed 
the  lode  to  be  of  considerable  width  for  the  greater  part  of  the 
dbtance  driven." 

Further,  it  appears  from  the  mine  report  for  November,  that 
at  the  400-feet  level,  the  East  lode  in  Stope  Section  6  opened  out 
east  on  a  flat  ledge,  making  the  ore  body  30  feet  wide,  of  an 
average  value  of  I  oz.  8  dwt  per  ton.  The  report  added  "  We  are 
now  stoping  on  this  and  have  gone  some  20  feet  along  the  same, 
the  width  being  maintained. 

In  the  quarter  ending  September  30,  1902,  an  increase  in  the 
ore-reserves  of  20^469  tons "  was  reported,  which  (on  the  basis  of 
the  yield  of  the  ore  crushed)  may  be  reckoned  to  average  about 
26  dwt  In  January  1903  a  telegram  stated  t  that  in  the  West 
cross-cut  125  feet  from  Drysdale's  shaft  at  the  700-feet  level  the 
Middle  lode  was  intersected  2  J  feet  thick,  assaying  32  dwt  per  ton. 

The  Golden  Horse-shoe  Estates. 

This  property,  which  had  an  area  of  24  acres,  was  acquired  by 
theGolden  Horse-shoe  Gold  Co.  Ltd.,  December  31, 1894,  from  the 
Golden  Link  Company,  the  purchase  price  at  first  stipulated,  being 
7500/.  in  cash,  and  57,500  fully  paid  shares  of  i/.  The  shares  at  that 
time  appear  to  have  been  considered  less  important  than  the  cashi 
and  the  terms  were  after  some  n^otiation  reduced  to  1000/.  in  cash 
and  64,000/.  in  fully  paid  shares  ;  the  shareholders  subscribing 
for  part  of  the  balance  of  the  shares  (10,000)  issued  for  working 
•  Staliit,  NoTcmber  15,  1902,  p.  859.  t  SlatisI,  January  31,  1903. 
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capital,  and  the  vendor  company  guaranteering,  it  is  stated,  5000/. 
additional  for  jooo  reserve  shares,  by  which  i  i,5Cto/.  were  provided. 
The  authorised  capital  at  this  time  was  80,000/. 

On  December  22,  1896,  the  capital  was  raised  from  80,000/.  to 
100,000/,;  20,000  shares  being  issued  at  \os.  premium,  which  pro- 
vided 30,000  additional,  and  the  price  of  the  shares  having  appre- 
ciated enormously  (about  5000  per  cent.),  the  present  company  was 
roistered,  February  28,  1899,  each  shareholder  receiving  three 
fully  paid  5/.  shares  in  exchange  for  his  U.  share.  The  present 
capitalisation  is  300,000  shares  of  5^  each,  i,e.  1,500,000/. 

In  1896  a  few  of  the  original  i/.  shares  were  forfeited  for  non- 
payment of  calls,  and  in  the  middle  of  1899  these  shares  were 
valued  at  50/.,  the  equivalent  price  in  1900  being  about  yj\l.  The 
mine  is  an  instance  of  great  and  unexpected  results  obtained 
on  this  field,  largely  owing  to  the  pluck  and  pertinacity  of  a  group 
of  shareholders  (some  of  whom  were  French)  who  stuck  to  it  The 
mine  began  crushing  with  a  20-stamp  mill  in  September  1898, 
and  the  dividends  paid  in  respect  of  1898,  1899  and  1900, 
amounted  to  675,000/!,*  whilst  in  1901  i8j',  per  share  was  paid 
(  =  270,000/1). 

The  Statist  in  its  issue  of  September  8,  1900,  gave  an  excellent 
description  of  the  then  position  of  the  company,  from  which  some 
of  the  foregoing  particulars  are  taken,  and  referred  to  a  point  which 
was  formerly  a  matter  of  some  speculation,  if  not  apprehension,  viz. 
the  future  ownership  of  what  is  known  as  "  No.  4  lode,"  which  lies 
near  to  the  boundary  of  the  Great  Boulder.  Fortunately,  however, 
for  the  Golden  Horse-shoe,  the  formation  in  question  has  so  far 
gone  down  nearly  vertical ;  and  like  the  cry  of  "  wolf,"  the  theory 
that  it  might  dip  back  into  the  Great  Boulder  has  become  too 
familiar  to  cause  much  uneasiness  ;  a  diagonal  bore-hole  put  out 
from  the  Great  Boulder  from  the  1400-feet  level  to  the  boundary  of 
the  Horse-shoe  at  1600  feet  failing  so  far  to  locate  itf  The  Statist 
of  September  14,  1901,  ui^ed  the  desirability  of  pushing  on  with 
sinking.  The  management  of  the  company  appears  to  have  been 
excellent,  and  the  following  table  shows  the  quantity  of  ore  crushed, 

*  Divideivls  of  l,M.  or  75  per  cent,  were  paid  in  1898  and  1899  by  ihe  old  company, 
•mouDtiDg  to  150,000/. ;  whilst  in  1899,  although  ibe  dividends  declared  by  th« 
picKDt  company  were  at  the  wme  mte,  owing  to  the  increase  in  capital,  they  represented 
335,000/.,  and  in  1900,  30r.  or  100  per  cent,  which  wu  paid  per  5/.  share,  came  to 

t  Winics  belov  the  No.  7  level,  sunk  in  1901,  indicated  that  it  was  a)^in  underlyiDg 
west,  though  the  lode  it  appears  is  nearer  the  boundary  at  No,  7  than  at  Nos.  5  and  6 
lercb. 
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oz.  of  bullion  produced  from  all  sources,  and  average  yield  per  ton, 
at  intervals  of  six  months  apart 

'  Toiu  Tioud.         Ol  PudocBd.         Vidd  Per  Tm. 


FimQnMter,  1899 8,ki6       .  26,634 

Tune  „ 2,&8       I  8,ST7 

Janiiuj,  1900 4,07i        '  7>>S9 


J-    ■■  ■  tea'-^.r'"^    ^^:i  '     1:2^1      •■«* 

D««nberi9oi.     |  "niU^dwid  cywided  6,9M       ;  8,»64t         ,         ,.g. 

The  ground  owned  by  the  company  until  recently  •  consisted  of 
a  24-acre  block  south  of  the  Ivanhoe  and  west  of  a  portion  of  the 
Great  Boulder  lease,  and  the  position  of  the  "  formations "  which 
traverse  it  and  the  mine  workings  are  shown  on  the  accompanying 
plan  and  sections  (Figs.  74  to  77),  which  the  Author  has  been 
permitted  to  reproduce  by  the  courtesy  of  the  proprietors,  from 
the  bsues  of  the  Statist  of  September  14  and  21,  1901. 

The  company's  output  is  mainly  drawn  from  what  are  known 
as  No.  3  and  No,  4  lodes,  which  arc  considered  to  be  the  principal 
ones  ;  although  other  formations  exist,  which  have  not  been  opened 
up  to  any  extent. 

The  richest  "  formation,"  known  as  No.  4,  outcropped  in  the 
Great  Boulder  lease,  but  dipped  into  the  Horse-shoe  for  a  length  of 
over  700  feet  just  above  the  loo-feet  level,  and  has  continued  therein 
down  to  the  No.  8  level.  In  parts  this  "  formation  "  is  extremely 
rich,  1 500  tons  milled  in  the  early  days  at  a  public  battery  giving  a 
return  of  6  oz.  per  ton,  of  which  4  oz.  is  stated  to  have  been  caught 
on  the  "  plates,"  and  2  oz.  left  in  the  tailings ;  and  the  pay-shoot 
apparently  extends  for  some  ^<x>  feet,  it  having  been  stoped  for 
about  that  length,  at  the  first,  second  and  third  levels. 

The  Statist,  in  its  article  dated  September  14,  1901,  said  : — 

There  was  still  some  ore  remaining  between  the  first  and  second, 
and  more  between  the  second  and  third  levels,  yet  to  be  taken  out. 

A  little  sulphide  ore  had  also  been  stoped  at  the  400,  500, 
600  and  700-feet  levels,  A  considerable  quantity  of  the  sulphide 
ore  between  the  300  and  700-feet  levels  (the  lowest  level  then  driven) 
ranged  from  3  to  10  oz.  per  ton. 

to  86a.  jr.  24p,  by  the  acquisition   of  five  leases  (o 
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The  cross-section  Fig.  75  is  taken  through  the  main-shaft  along 
the  line  marked  A  B  on  the  plan.  Fig.  74. 

Fig.  Jl  gives  a  longitudinal  section  of  the  workings  on  Na  4 
lode,  and  indicates  the  extent  of  the  development  work  done  upon 
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it  and  the  amount  of  ground  "stoped  out"  up  to  June  xo,  1901. 
This  lode  is  reached  by  cross-cuts  driven  east  from  the  main  shaA, 
which  had  reached  a  depth  of  730  feet  at  the  end  of  1900,  and 
S30  feet  at  the  end  of  1901.  The  lowest  level  driven  in  1901  on 
this  formation  was  the  700-feet,  but  preparations  were  made  for 
opening  out  at  the  800-feet  level.  The  distance  from  the  main 
shaft  to  the  western  boundary  of  the  lease,  is  about  220  feet 


GOr.DEN,    HORSE-SHOE 


Fig.  7S- 

Another  formation,  known  as  No.  3,  lies  to  the  west  of  No  4,  and 
possesses  a  more  dbtinct  westerly  "  underlie  "  or  "  dip." 

This  formation  had  been  proved  from  surface  down  to  /cx)  feet 
in  igoi,  and  was  reported  as  being  17  feet  thick,  valued  at  32  dwt 
in  the  bottom. 

Fig.  76  gives  a  longitudinal  section  of  the  workings  on  No.  3 
lode,  which  down  to  the  400-feet  level  lies  east  of  the  main  shaft ; 
■but  crosses  the  shaft  just  before  this  point,  and  is  intersected  by 
cross-cuts  driven  west,  at  the  500  and  700-feet  levels. 
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Except  at  the  lOO  and  2oo-feet  levels  no  sloping  and  but  little 
development  work  seems  to  have  been  done  on  this  lode  up  to  T902, 
but  the  pay-shoot  of  ore  at  these  levels,  judging  from  the  stopes, 
appears  to  have  a  length  of  800  feet  or  more. 
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A  third  formation,  known  as  No.  i,  lies  west  of  Na  3,  but  it 
had  only  been  opened  at  the  second  and  third  levels,  and  was  there 
of  no  great  width  or  value. 
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Still  further  west,  the  Ivanhoe  Middle  or  No.  2  lode,  had  been 
opened  on  at  the  lOO  and  300-feet  levels,  and  in  this  latter  level 
was,  I  believe,  3  feet  wide,  worth  14  dwt ;  Mid  4286  tons  removed 
in  1901  averaged  '69  oz. 

On  the  western  side  of  the  lease,  there  is  a  large  iow^rade  lode, 
known  as  the  Western  lode,  which  had  been  intersected  by  cross-cuts 
from  the  main  shaft  at  the  lOO-feet  and  300-feet  levels.  Near  the  ' 
surface  this  lode  was  driven  upon  some  distance,  but  was  compara- 
tively narrow  and  low^^adc  ;  at  the  300-feet  level  the  Statist 
observed  that  "  its  value  ranged  from  8  dwt.  to  as  much  as  2  oz. 
over  a  width  of  36  feet  "  ;  and  expressed  the  opinion  in  this  con- 
nection that  there  are  great  possibilities  presented  by  it,  althoi^h 
work  has  been  mainly  concentrated  on  No.  3  and  No.  4  "  forma- 
tions." 35 1  tons  removed  in  1901  only  averaged,  however,  •  33  oz. 
per  ton.  At  the  north  end  of  the  property  the  oxidised  zone  goes 
down  about  100  feet ;  but  south  of  the  main  shaft,  it  seems  to  go 
down  about  200  feet  on  No.  3  lode. 

A  feature  noticed  in  the  case  of  the  Ivanhoe  is  repeated  also  in  the 
Horse-shoe,  but  reversed,  the  No.  3  and  No.  4  lodes,  which  are  a 
considerable  distance  apart  where  they  cross  the  north  boundary 
line  of  the  Horse-shoe  lease,  approaching  close  tf^jether  as  they 
trend  southward. 

Driving  at  the  300-feet  level  had  been  commenced  in  1901  on 
No.  3  lode,  and  values,  it  was  stated,  ranged  between  9  and  14  dwt. 

At  the  700-feet  level  values  were  higher  than  at  the  300-feet, 
averaging  about  li;  oz.  over  a  width  of  17  feet  for  some  distance 

Thecompany  till  quite  recently  was  crushing  oxidised  ore  mixed 
with  a  certain  amount  of  sulphide  ore,  whilst  the  richer  sulpho- 
telluride  ore  is  smelted,  but  a  "  sulphide  plant  "  was  erected  at  the 
mine  in  1902. 

The  reports  of  December  31,  1899,  1900,  and  1901  show  the 
amount  of  ore  standing  in  sight  at  those  dates  as  estimated  by 
Mr,  J.  W,  Sutherland,  the  General  Manager,  as  follows  : — 


OxidiHd. 

S«lph[de. 

T«.T. 

Ore  in  bight  December  31,  1899  [          "I|^ 

'900   j      'la^Ws 

„                „                 1901      .         tlI2,563 

100,340 

t435.966 

773.  *4I 

*  Including  3o,ooo  tons  of  lower  grade  stone. 

t  These  figures  included  "  estiamted "  ore  not  ready  for  itopinc ;  vii.  oxidited  ore 
33,SS8  ton;,  containing  10,666*40  oz.,  and  345,996  tons  of  sulphide  ore,  containing 
3oi,f'5oo4  oz. 
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The  original  50-stanip  battery  seems  to  have  attained  its 
maximum  capacity  in  July  1901,  when  it  put  through  7610  tons, 
its  output  during  the  previous  six  months  ranging  from  5507  to 
6590  tons  ;  but  the  mine  output  in  bullion  has  been  very  constant, 
ranging  from  January  to  September  1901,  from  15,300  oz.  to 
15,461  oz.,  and  15,371  oz.  in  December. 

This  gold  represented  a  monthly  revenue  of  about  59450/, ; 
and  the  company  earned  a  sufficient  profit  to  distribute  345,000/. 
during  the  calendar  year  1901.  The  original  battery  of  30  stamps 
was  increased  to  50  in  1900 ;  and  an  additional  50  stamps  were 
erected  in  1902,  for  dealing  with  sulphide  ore ;  this  should  add 
largely  to  the  revenue  of  the  company  in  1902-1903.  Payment 
for  this  additional  plant  was  provided  for  by  borrowing  50,000/.  on 
debentures  at  6  per  cent  repayable  in  three  years,*  to  be  written 
off  out  of  revenue  in  that  period.  Under  these  conditions  costs 
should  be  reduced  in  1902-1903,  and  it  should  pay  to  treat  ore 
that  would  at  present  be  unpayable,  although,  crushing  larger 
quantities  of  sulphide,  a  reduction  in  the  average  grade  t  of  the 
ore  seems  not  improbable,  unless  it  is  compensated  for  by  crushing 
and  smelting  a  larger  proportion  of  rich  sulpho-telluride  ore,  which 
would  tend  to  maintain  it  As  less  free-milling  ore  comes  to  be 
treated,  some  attendant  increase  in  milling  costs  would  also  appear 
likely.  The  company  possesses  a  small  water  jacket  and  refining 
furnace  of  its  own  on  the  mine. 

An  interesting  cable,  dated  December  3,  was  published  in  the 
Financial  Times  of  December  5,  I901,  as  follows  :  "  Have  resumed 
sinking  main  shaft ;  have  started  cross-cuts  to  the  east  and  west  on 
the  800-feet  level.  In  the  stope  on  No.  4  lode  on  the  No.  6  level 
have  struck  a  seam  of  thin  almost  solid  gold,  one  piece  (containing) 
96  oz.  of  gold."     New  plant  arriving  rapidly. 

A  cable  dated  March  19,  1902,  evidently  referring  to  No.  3 
lode  reported,  "  800-feet  level  cross-cut  to  the  west  66  feet,  have 
cut  a  body  of  ore  assaying  26  dwt,  per  ton  of  2240  lb.  3  feet 
wide";  and  the  chairman  of  the  company,  Sir  John  Purcell, 
K.C,B.,  at  the  Annual  Meeting  (April  30,  1902)  stated  that  No.  4 
lode  had  just  been  cut  at  800-feet  level,  37  feet  within  the  boundary 
dipping  to  the  west,  and  it  was  reported  5  feet  wide,  assaying 
2j  oz.  per  ton.     The   mine  report  for  June  1902,  recorded  some 

*  Sooo/.  out  ofpTOdts  in  1901  was  set  aside  for  the  redemption  of  these  debentures. 

t  This  was  reckoned  officially  at  the  end  of  igoi  at  0*45  to  O'Sj  oz.  per  ton  of 
oxidised  nie,  and  from  1 '  23  to  z  '03  01,  per  Ion  for  the  sulphide  ;  there  being,  it  was 
calculated,  189,970  tons  of  the  litter  value  in  sieht. 
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high  assays  in  respect  of  the  lowest  levels.  Thus,  at  level  Na  6 
the  No.  4  lode  was  reported  to  average  3  oz,  9  dwt  in  the  north 
drive,  and  2  oz.  10  dwt  in  the  south  drive. 

At  the  No.  7  level  the  No.  3  lode  was  the  full  width  of  the 
drive  and  averaged  I  oz.  3  dwt.  On  the  No.  4  lode,  a  winze 
25  feet  south  had  been  sunk  18  feet  and  the  lode  for  the  full 
width  was  reported  to  average  7  oz.  18  dwt.;  a  winze  95  feet 
south,  which  had  reached  the  No.  8  level,  gave  17  dwt. 

At  No.  8  level  the  north  drive  on  No.  4  lode  had  been  extended 
39  feet,  total  83  feet ;  the  ore-body  being  the  full  width  of  the 
drive,  and  averaging  6  oz.  2  dwt.  per  ton.  The  south  drive  had 
been  extended  35  feet,  the  lode  being  4  feet  wide  and  averaging 
35  dwt.  Driving  on  the  lode  met  with  66  feet  west  of  the  shafl  had 
been  started.  For  12  feet  south  the  width  averaged  5  feet,  and  the 
value  I  oz.  4dwt,  for  10  feet  north  a  width  of  5  feet  and  an  average 
of  I  oz.  2  dwt  In  November  it  was  reported  to  be  the  full  width  of 
the  drive,  assaying  i  oz.  17  dwt,  and  a  winze  was  being  put  down 
from  No.  7  level  to  ascertain  whether  this  formation  is  the  same  as 
No.  3  lode,  which  ought  to  be  further  west. 

The  total  production  of  gold  to  December  31,  1901,  amounted 
to  19  tons  1  cwt.  I  qr.  o  lb,  9  oz.  (standard  troy) ;  and  the  dividends 
to  the  end  of  1901,  including  those  of  the  old  company,  totalled 
945,000. 

The  ore  reserves  actually  in  sight  and  ready  for  stoptng  on 
June  30,  1902,  are  stated  *  to  have  amounted  to  445,295  tons  of  ore 
containing  697,230  oz.  of  gold,  as  against  278,644  tons  of  ore, 
containing  460,725  oz.  of  gold  on  December  31,  1901. 

The  Great  Boulder  Perseverance. 

This  property  was  acquired  in  June  1895  by  the  British 
Westralia  Syndicate,  and  in  September  of  the  same  year  was 
transferred  to  the  present  company  (which  has  a  capital  of  175,000/.) 
for  125,000  fully  paid  1/.  shares  ;  the  parent  syndicate  subscribing 
for  30,000  shares  at  par  to  provide  working  capital,  and  the  remain- 
ing 20,000  shares  being  afterwards  issued.  Owing  to  the  want  of 
system  which  was  reported  to  characterise  the  undei^round  work- 
ings of  the  mine  in  the  early  days  of  the  field,  it  was  irreverently 
spoken  of  I  believe  as  a  "  rabbit-warren  " ;  but  alt  this  has  been 

*  Ciicolar  issued  December  l6,  1903. 
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changed  under  its  present  management,  and  it  is  a  property  which 
has  generally  been  held  to  possess  exceptional  possibilities. 

An  interesting  description  of  the  property  is  given  in  the  Statist 
of  September  i,   19CX},   illustrated  by  a  plan,   Fig,  7S,  which  the 
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proprietors  have  kindly  allowed  me  to  reproduce,  upon  which  I 
have  plotted  work  since  done;  the  results  of  operations  in  1931 
were  dealt  with  in  the  Statist  of  March  1 5,  1902. 

Crushings  started  in  1896,  and  for  some  time  subsequently  the 
grade  of  the  ore  milled  was  conspicuous  for  its  variations ;  andowing 
to  the  small  amount  of  water  the  mine  yielded  in  the  early  days  of 
its  existence,  the  ore  was  hauled  several  miles  by  cart  to  a  public 
battery,  entailing  considerable  expense  ;  but  this  was  done  away 
with  later  on,  and  arrangements  were  made  to  deliver  it  by  rail. 

The  lease  (which  lies  north-west  of  the  Lake  View  and  south- 
west of  the  Associated,  with  the  South  Kalgurli  north  and  the 
Great  Boulder  south-west  of  it)  has  a  length  of  some  1440  feet, 
and  two  masterly  lodes  are  known  to  traverse  it  known  as  the 
Lake  View  lodes  and  the  Perseverance  lodes ;  judging  from  the  plan, 
there  appear  however  to  be  indications  in  the  500-feet  cross-cut  from 
the  main  shaft  of  the  existence  of  four  other  formations  (two  in 
between  and  two  to  the  south-west  of  what  are  considered  to  be  the 
principal  lodes)  which  so  far  have  been  scarcely  touched. 

The  Statist  in  the  article  referred  to,  pointed  out  that  the  possi- 
bilities of  the  mine  yielding  lai^c  bodies  of  ore  are  undoubtedly 
very  great,  remarking  however,  that  "  the  lodes  as  they  traverse 
the  property  are  not  regular  or  uniform  either  in  width  or  value,  a 
fact  which  few  mining  investors  stop  to  consider  when  dealing  with 
the  lodes  of  this  gold-field," 

"  The  uniformity  of  the  returns  from  the  various  mines  on  the 
Rand  is  only  obtained  by  sound  scientific  mining,  and  there  is 
no  reason  why  the  same  regularity  should  not  be  obtained  from 
the  Kalgoorlie  mines,  it  is  simply  a  question  of  having  sufficient 
ore  reserves  to  work  from." 

"The  general  manager  of  the  Perseverance  mine  has  called 
attention  to  the  great  care  necessary  in  sampling  a  mine  where  the 
lodes  are  so  irregular  in  width  and  so  very  variable  in  value,  and 
until  further  work  has  tieen  done,  he  did  not  feel  justified  in 
estimating  the  ore  reserves. 

"  That  there  are  certain  difficulties  in  this  direction  is  seen  from 
the  fact  that  at  the  point  marked  A  on  the  plan  the  lode  between 
the  surface  and  the  100-feet  level  has  been  stoped  (worked  by  open 
cast)  and  treated,  for  a  width  of  no  less  than  roo  feet,  whereas 
at  the  200-feet  level  it  has  narrowed  to  30  feet,  whilst  further 
along  the  line  to  the  north  the  lode  has  a  width  of  a  few  feet  only 
and  is  of  low  grade." 
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The  two  principal  lodes  which  have  been  developed  are  known 
respectively  as  the  Lake  View,  and  the  West  or  Perseverance  lode. 
Their  position  is  approximately  shown  on  the  plan,  the  broken 
lines  tracing  their  course  at  the  lOO-fect  levels,  the  dotted  lines 
the  driving  done  at  the  500-feet  level. 

The  Lake  View  lode  has,  apparently,  a  distinct  easterly  dip, 
the  Perseverance  less  so,  and  they  show  a  tendency  to  run  tc^ether 
at  the  south-east  corner  of  the  property,  and  conversely  to  separate 
farther  apart  going  north. 

The  Lake  View  lode  comes  in  from  the  Lake  View  Consols, 
where  it  was  both  wide  and  rich,  and  shafts  6,  7  and  8  are  located 
upon  its  course. 

This  formation  is  exceptionally  wide  at  the  south  end  of  the 
property,  where  the  ore  proved  of  good  grade,  whilst  at  one  point 
at  the  500-feet  level  it  is  stated  to  have  been  40  feet  wide,  valued 
at  35  dwt.  At  this  end  of  the  mine  the  formation  splits  into  two 
branches,  but  these  appear  to  be  closing  together  as  depth  is 
attained.  Its  average  width  so  far  as  it  had  been  developed  at  the 
end  of  May  1901,  was  estimated  by  Mr,  Nichols  at  20  feet*  Its 
average  width  from  the  200  to  the  700-feet  levels  was,  however, 
given  in  a  circular  published  in  the  Fittancial  Times ol  liliy  2,  1902, 
as  being  14  feet  valued  at  i  to  2  oz.  The  upper  levels  in  the  northern 
section  of  the  lease  are  said  to  be  poor.  The  official  plan  carried 
up  to  December  31, 1901,  shows  that  the  Lake  View  lode  has  been 
driven  upon  for  about  1300  feet  at  the  500-feet  level  to  within 
some  1 50  feet  of  the  north-west  boundary.  It  was  cross-cut  at  the 
700-feet  level  in  January  1901,  and  at  the  end  of  the  year  the 
700-feet,  which  was  the  bottom  level  at  that  date,  had  been  driven 
north  about  the  same  distance  as  the  joo-feet  level  above ;  and 
100  feet  or  more  south  of  the  cross-cut  from  the  main  shaft  A 
feature  of  some  importance  is  that  the  Tetley  lode  in  the  Asso- 
ciated runs  in  the  direction  of  the  north  end  of  the  Perseverance 
lease,  and  the  expectation  entertained  that  it  would  traverse  it  in 
depth  (as  this  vein  has  a  strong  westerly  dip  in  its  upper  levels) 
has  been  confirmed  by  recent  developments. 

It  would  be  rash  to  assume  however,  as  other  cases  have  shown, 
that  because  the  Lake  View  lode  in  the  Perseverance  has  an  easteriy 
dip,  it  will  be  carried  into  the  Associated  in  depth  ;  but  it  is  prob- 
able. Judging  by  their  respective  angles  of  dip,  that  the  Lake  View 
•  Financial  Tima,  June  I,  1900.     Reporl  of  Ihe  Annual  Meeting. 
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and  Tetley's  lodes  may  junction  in  depth,  at  Somewhere  between 
1000  and  1200  feet  vertical,  and  this  may  lead  to  very  important 
developments  hereafter,  in  the  Boulder  Perseverance  ground,  whilst 
the  question  of  the  Associated  ultimately  getting  the  Lake  View 
Perseverance  lode  in  depth  depends  upon  which  formation  masters 
the  other,  or  whether  they  cross  one  another  undisturbed.  The 
discovery  was  reported  in  1900  in  the  cross-cut,  south-west 
of  Na  6  shaft,  at  the  soo-feet  level,  of  what  seems  to  be  the 
extension  southward  of  one  of  the  middle  formations  before  referred 
to,  which  was  stated  to  be  5  feet  wide,  valued  at  4^  oz.  per 
ton ;  it  is  not  clear,  however,  whether  this  is  a  branch  of  the 
Lake  View  formation  or  an  entirely  separate  one ;  but  it  seems 
not  unlikely  that  it  may  be  the  same  as  that  discovered  in  the 
Lake  View  66  feet  east  of  the  Perseverance, 

The  West  or  Perseverance  lode  which  is  worked  from  the  Main 
(No.  3)  and  upon  which  No.  4  shaft  is  sunk,  has  a  more  vertical 
dip  than  the  Lake  View  lode,  though  it  "  hades  "  somewhat  to  the 
east ;  owing  to  its  "  course,"  its  deep  levels  are  practically  assured 
to  the  Perseverance,  and  on  the  whole  it  seems  to  have  been  so 
far  more  extensively  opened  up,  and  sloped  upon  to  a  greater 
extent  than  the  Lake  View  formation ;  the  deepest  level  shown 
on  the  published  (1901)  plans  is  the  500-feet 

The  Statist  in  the  article  previously  quoted  (September  19OI) 
remarked :  "  The  lode  is  very  irr^ular,  both  in  value  and  width. 
The  average  width  is  set  down  by  the  manager  at  8  feet*  as 
against  20  feet  for  the  Lake  View  lode  ;  but  the  bulk  of  the  richest 
ore  developed  in  the  mine  is  from  this  West  lode. 

All  the  five  formations  at  B,  H,  C,  D,  and  E,  intersected  by  the 
cross-cut  at  the  500-feet  level,  were  reported  by  the  manager  to  be  of 
"  great  strength  and  good  values." 

The  formation  near  the  Western  boundary  at  No.  10  shaft  has 
been  only  opened  up  superficially,  and  so  far  seems  of  little  value. 

At  the  company's  annual  meeting  in  1901,  the  chairman, 
Mr.  Frank  Gardner,  mentioned  that  Mr.  Nichols  had  informed  the 
Directors  in  October  (1900)  that  whilst  declining  to  estimate 
accurately  the  tonn^e  and  value  of  the  ore  reserves  he  gjave  it  as 
his  opinion  that  down  to  the  500-feet  level  250,000  tons  t  of  sulphide 
ore  of  the  average  value  of  i^  oz.  might  be  reckoned  on. 

*  II  would  appeu  from  a  dicular  issued  in  May  1901,  that  the  avenge  width  from  the 
300  to  the  700-reet  level  may  be  leckoned  at  13  Teel  at  the  Tslne  of  Trom  l}  to  l}  oz. 

t  The  oxidised  ore  is  reckoned  St  16  cubic  Tect  per  ton.  The  sulphide  oie  ii 
reckoned  at  13  cubic  feet  per  ton. 
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With  reference  to  the  oxidised  ore,  Mr.  Nichols  in  his  Annual 
Report  for  the  year  ending  December  31,  1900,  said,  "The 
oxidised  ore  at  the  present  time  is  all  coming  from  the  open  cut 
blocks  L,  II,  12,  13,  north  of  the  mine  office  and  in  the  workings 
down  to  the  lOO-feet  level," 

"  It  is  impossible  to  say  how  much  oxidised  ore  we  have  left  in 
the  mine,  as  the  values  occur  in  lenses  in  a  wide  vein  formation." 

"  We  have  extracted  during  the  past  year  2 1 ,880  tons  of  oxidised 
ore,  and  to^ay  there  is  more  ore  in  sight  than  there  was  a  year 
a^o." 

The  total  amount  of  development  work  done  on  the  property 
on  December  31,  1900,  in  shafts,  winzes,  rises,  cross-cuts  and  drives 
(not  including  sloping)  was  given  as  16,956  feet ;  5308  feet  having 
been  accomplished  in  the  preceding  twelve  months. 

In  1900,  in  addition  to  oxidised  ore  crushed,  and  sulphide  ore 
treated  and  smelted,  25,990  tons  of  tailings  were  cyanided  for  a 
yield  of  13,283  oz.  18  dwt  y  gr.,  but  the  supply  of  tailings  sands 
was  stated  to  be  becoming  exhausted. 

'  It  appears  from  the  Company's  Annual  Report  to  December 
31,  1900,  that  most  stoping  was  done  on  the  Perseverance  lode,  in 
the  sections  of  the  mine  lying  to  the  north  and  south  of  No.  4 
shaft  above  the  100  and  200-feet  levels,  and  above  the  300  and 
Soo-feet  levels  north  and  south  of  the  Main  shaft.  On  the  Lake 
View  lode  some  ore  was  taken  out  above  the  50-feet  north,  between 
No.  7  and  No.  8  shafts ;  north  of  No.  6  shaft  at  the  40-feet  level, 
and  south  of  that  shaft  above  the  200  and  400-feet  levels. 

The  Perseverance  lode,  where  the  700-feet  cross-cut  intersected 
it  in  November  19OO,  was  reported  to  have  a  width  of  6  feet  of  an 
averse  value  of  i^  oz.  per  ton,  and  the  Lake  View  lode  in  the 
same  cross-cut  (intersected  in  January  1901),  had  a  width  of  20 
feet,  5  feet  of  which  gave  an  average  assay  value  of  2  oz.,  the 
remaining  15  feet  being  low  grade,  running  from  2  dwt.  to  i  oz. 

At  a  point  much  further  north,  viz,  the  300-feet  level  (reached 
by  a  cross-cut  from  No.  4  shaft)  a  diamond-drill  bore-hole  put 
down  to  intersect  the  Lake  View  lode,  cut  a  formation  20  feet 
wide,  which  assayed  4  oz,  4  dwt.  The  Directors*  Report  in  July 
ipor  stated  that  it  -was  anticipated  as  driving  on  the  course  of 
this  lode  proceeded,  which  it  was  doing  at  the  rate  of  about  10  feet 
per  week,  it  would  be  found  of  much  higher  value  than  was  so  far 
shown,  A  paragraph  in  the  Statist  o(  November  23,  1901,  said, 
"Developments   at   the   700-feet  level   continue  of  a  satisfactory 
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character.  In  the  north  drive  off  the  east  cross-cut  from  the  main 
shaft  the  ore  is  reported  to  show' an  average  value  of  over  2  oz., 
width  not  stated,  while  in  the  south  drive  the  grade  is  fair,  and 
improves  as  the  drive  is  extended." 

In  the  Directors' Report  (for  the  year  ending  December  31,  1901) 
dated  March  10,  1902,  it  is  stated  that  Mr.  Nichols,  estimating  on  a 
most  conservative  basis,  reckoned  the  reserves  of  ore  down  to  the 
700-feet  level  on  December  31,  1901,  at  295,771  tons  of  the  average 
value  of  li  oz. 

On  January  30,  he  advised  the  Board  by  cable  that : — 

"  The  Tetley  lode  had  been  cut  by  diamond-drill  at  a  depth  of 
83s  feet  for  a  width  of  30  feet ;  and  2-feet  section  assaying  2  oz. 
7  dwt.,  and  a  6-feet  section  gave  an  average  assay  of  i  oz.  2  dwt  per 
ton.  Four  days  later  the  same  lode  was  proved  at  the  soo-feet 
level  for  a  width  of  8  feet  assaying  18  dwt.,  a  2-feet  section 
assaying  I  oz.  7  dwt." 

The  point  (Block  P  24)  where  this  strike  was  made,  is  at  the 
southern  end  of  the  property  about  250  feet  from  the  I^ke  View 
boundary,  and  the  chairman  stated  at  the  Annual  Meeting  (March 
19),  that  they  had  learnt  bycable  since,  that  the  Tetley  lode  had. 
cross-cut  at  the  SOO-feet  level  near  the  bore-hole  5  feet  wide  assay- 
ing 24  dwt. 

"  The  Lake  View  lode  was  located  by  diamond-drill  boring  at  a 
depth  of  9C»  feet  on  February  25,  the  width  not  being  advised.  A 
2-fect  section  assayed  13  oz.  This  discovery  was  made  in  Block 
M  7,  about  27s  feet  from  the  South  Kalgurii  boundary  at  the 
northern  end  of  the  property,  and  proves  the  continuance  of  the 
Lake  View  lode  in  depth  for  a  distance  of  about  1 100  feet  through 
your  lease. 

"  In  Mr,  Nichols'  estimate  of  ore-reserves  no  account  was  taken 
of  any  ore  on  this  lode  below  the  40ofeet  level  at  the  south  end  of 
the  property  nor  below  the  700-feet  level  further  north." 

Mr.  Nichols,  in  his  Annual  Report  for  igoi,  referring  to  the 
Perseverance  lode,  said  : — 

"  The  estimated  reserves  of  ore  in  this  lode  are  practically  all  in 
one  shoot,  one  of  the  longest  and  strongest  ore-shoots  that  1  know 
of  on  the  Kalgoorlie  field.  During  the  past  year  we  have  sloped 
and  milled  from  this  lode  nearly  51,000  tons  of  ore,  and  from  the 
Lake  View  lode  33,000  tons, 

"  You  will  see  from  the  estimated  present  reserves  of  295,77 1  tons, 
1  u,S35  estimated  in  Lake  View  lode  and  184,236  in  Perseverance 
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lode,  that  the  ratio  of  ore  taken  from  the  two  lodes  during  the  past- 
year  and  that  now  standing  is  about  the  same. 

"  It  has  been  our  aim  to  make  a  mixture  from  all  parts  of  the 
mine  so  as  to  keep  the  grade  of  the  ore  uniform  as  nearly  as  pos- 
sible^ By  mixing  the  ore  as  in  the  past  we  shall  be  able  to  maintain 
about  the  same  average  of  30  dwt.,  and  this  with  present  estimate 
should  last  about   three  years. 

"  Oxidised  Ore — We  have  more  ore  in  sight  than  was  exposed 
the  first  of  last  year,  and  we  shall  probably  be  able  to  keep  the 
battery  running  for  seven  or  eight  months  longer  and  possibly  for 
the  rest  of  the  year. 

"  I  think  we  are  safe  in  counting  upon  from  i2/X)o  to  15,000  tons 
of  oxidised  ore  in  sight,  with  a  possibility  of  slightly  increasing  this 
amount." 

The  total  amount  of  development  work  done  on  the  property  in 
shafts,  rises,  cross-cuts  and  drives  on  December  31,  1901,  was  given 
as  23,485  feet,  6529  feet  of  which  was  done  during  1901. 

2798  tons  more  of  oxidised  ore  were  treated  in  1901  than  in  1900, 
but  586  oz.  less  gold  was  recovered. 

The  total  tonnage  treated  at  the  Lakeside  Cyanide  Plant 
amounted  to  35,198  tons,  and  Mr.  Nichols  remarked  that  with  the 
sands  and  slimes  on  hand,  and  produced  during  the  year,  they 
would  have  sufficient  to  keep  the  plant  running  on  about  the  same 
grade  of  material  as  treated  during  the  past  year. 

Some  70,000  tons  of  tailings  at  the  sulphide  works  were  esti- 
mated to  contaia  about  17,000  oz.,  from  which  Mr.  Nichols  reckoned 
that  25,000/.  to  30,000/.  could  be  recovered  at  a  cost  of  under  8f.  a  ton. 

The  tailings  recently  produced  were  stated,  however,  to  be  too 
low  grade  to  pay  for  re-treatment. 

Details  of  the  returns  from  ore  treated  up  to  that  date  were 
given  in  the  Statist  of  October  12,  1901,  and  it  will  be  seen  that 
from  May  to  August  from  7000  to  7200 tons  of  sulphide  ore  were 
dealt  with  monthly  in  the  company's  works  ;  and  in  September  they 
reached  their  full  estimated  capacity  with  four  furnaces  of  7500 
tons  ;  but  in  October  they  exceeded  this,  crushing  8000  tons,"  for 
a  yield  of  1 1,529  oz.  of  bullion,  which  with  1779  oz.  obtained  from 
oxidised  ore  was  valued  at  48,740/. 

The   bullion    produced   from  July   to  September  stood  very 

*  With  the  oew  engine  and  coodensing  appliances  installed,  Mr.  NJchoIi  in  the 
Anntwl  Report,  Dece^iei  31,  1901,  said,  that  iutead  or  having  a  capacity  of  9000 
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'  constant  at  between  12,629  ^^-  ^^^  12,667  °^  P^  month,  of  an 
estimated  value  of  44,84.5/.  to  46,580^,  and  in  January  1902,  the  re- 
turns reached  an  estimated  value  of  53,500^  Concurrently  with  an 
increased  yield,  the  cost  of  treatment  in  the  reduction  works  has 
also  steadily  fallen  several  shillings  below  the  figure  at  which  it 
formerly  stood,  and  capital  chaises,  which  have  been  a  heavy  tax 
on  revenue,  appear  to  be  nearly  at  an  end. 

The  chairman  of  the  company  at  the  Annual  Meeting,  July  12, 
1901 ,  stated  that  Mr.  Nichols  had  informed  him,  that  when  the  outlay 
on  plant  came  to  an  end  and  the  new  sulphide  plant  was  in  full 
working  order,  a  monthly  revenue  of  42,000/.  to  48,000/.  with  an 
expenditure  of  about  20,000/.  might  be  anticipated ;  and  at  th*; 
Annual  Meeting  on  March  19,  1902,  he  foreshadowed  a  yield  of 
15.000  to  17,000  oz.  a  month,  or  a  revenue  sufficient  to  more  than 
pay  dividends  of  2I.  per  annum.  The  main  shaft  had  been  sunk 
to  a  depth  of  908  feet  on  January  i,  1902.  In  their  Report  dated 
March  10,  1902,  the  Directors  stated  that  they  proposed  to  write 
off  the  items  shown  in  the  Appropriation  Account  to  the  exact 
amount  of  the  original  working  capital  and  plant,  machinery  and 
buildings,  which  after  allowing  for  depreciation  written  olT  in  various 
years,  appeared  in  the  books  as  worth  230,956/  1 5J.  id.  and  would  in 
future  be  shown  at  only  25,131/  igj.  This  in  itself  is  equivalent 
to  the  establishment  of  a  very  considerable  reserve  fund. 

In  April  1902,  the  Perseverance  lode  was  cross-cut  at  the 
900-feet  level,  the  average  width  being  given  as  "  12  feet,  assaying 
the  same  value  as  at  the  500  and  700-feet  levels." 

The  Lake  View  lode  was  also  cross-cut  at  the  900-feet  level 
towards  the  end  of  June  1902,  width  15  feet,  assay  value  same  as 
where  cut  at  the  700-feet  level.  At  the  latter  level  the  width  was 
20  feet,  the  first  5  feet  averaging  2  oz.' 
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In  its  issue  of  March  15,  1902,  the  Statist  gave  a  comparative 
summary  of  operations  in  i90oand  1901.  (See  Table  on  preceding 
page.) 

The  company  paid  its  first  dividend  of  lar.  per  share  (i,e. 
87,500^)  on  January  10,  1902,  and  has  since  declared  four  dividends 
of  iQf.  each.  From  a  cable  in  November  1902,  it  appears  that  the 
drive  south  on  the  Perseverance  lode  at  the  700-feet  level  showed 
high  values,  the  last  100  feet  being  reported  to  average  over  ij  oz. 
A  circular  issued  in  October  1902,  stated  that  the  ore  reserves 
were  "more  than  they  were  on  December  31,  1901." 

Worked,  on  miner-like  and  economical  lines,  as  it  now  appears 
to  be,  the  future  prospects  of  the  mine  certainly  seem  extremely 
bright,  and  it  should  be  a  large  and  regular  dividend-payer. 


The  Associated  Gold-Mtnes. 

The  position  into  which  this  company  at  one  time  fell  was  much 
to  be  regretted,  as  it  was  undoubtedly  in  the  early  days  a  mine 
which  appeared  to  haye  possibilities  second  to  none  on  the  field 
by  reason  of  the  remarkable  width  and  richness  of  some  of  the  ore- 
bodies  in  its  upper  levels ;  indeed,  I  cannot  but  think  that  with 
more  extensive  development  in  depth  it  is  likely  to  again  take  a 
good  position.  A  description  of  this  property  was  given  In  the 
Statist  of  October  6,  20,  and  27,  1900,  which  gives  a  number  of 
interesting  particulars,  that  I  have  quoted  and,  by  the  kindness  of 
the  proprietors,  I  am  able  to  reproduce  the  plan  and  sections  (Figs. 
79  to  81)  that  illustrated  the  articles  referred  to. 

The  leases  comprised  in  the  original  area  of  about  198  acres 
which  the  company  possessed,  were  pegged  out  in  different  parts 
of  the  field  for  the  Coolgardie  Gold  Mining  and  Prospecting 
Company  (original  capital  225/,),  and  comprised  the  properties 
now  owned  by  the  Associated  Northern  Blocks  (one  of  which  is 
the  Iron  Duke) ;  the  Lake  View  South,  the  Lake  View  Extended, 
and  the  four  leases  the  company  still  hold,  viz.  the  Adelaide  Lease 
(south  of  and  adjoining  the  Lake  View  South,  and  Lake  View 
Extended),  and  the  principal  "  sett "  which  comprises  three  leases 
known  as  the  Australia,  Australia  North,  and  Australia  East,  that 
form  a  compact  block  of  about  52  acres,  situated  some  distance 
north-west  of  the  Adelaide. 

The  Associated  Company  was  formed,  I  believe,  in  December 
1894,  the  purchase  consideration  being  271,485  fully  paid  shares  and 
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53,5 1 5^.  cash  ;  and  50,000/  was  subscribed  at  par  for  working  capital, 
making  the  original  capital  in  i/.  shares  375,000/  Subsequently,  in 
November  1897,  power  was  taken  to  increase  the  capital  by  125,000 


Lim^udinal   Sutu^  .  AUSTRALIA  LEA5L 
$*c  CJ}^7tanI 


ASSOCIATED, 


S.cn9>tw%il>al  Section  Aw&TaUa.  &a6t  So^. 


SMS-ren-Tl.. 


shares,  bringing  it  up  to  the  nominal  sum  of  500,000/,  of  which 
492,971/  had  been  issued  on  March  31,  1901,  and  495,701  on 
March  3 1, 1902  :  out  of  which  a  small  number  of  shares  (293)  were 
forfeited. 
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In  addition  to  the  first  issue  of  50,000  shares  at  par,  a  second 
issue  of  75,000  shares  at  2^  was  made  in  November  1897,  and  a 
third  issue  in  September  1899,  of  42,971/.  shares  at  12/.  each,  which 
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provided  the  company  with  a  working  capital  of  753,152/.;  a 
further  sum  of  39,5cx>/.  in  cash  being  raised  by  the  flotation  of 
subsidiary  companies,  and  42,000/.  by  the  sale  of  35,000  shares  in 
the  Lake  View  South  ;  which  it  appears  altogether  placed  834,652/. 
at  its  disposal. 

The  ore  treated  to  the  end  of  August  1900  amounted  to  140,602 
tons  and  returned  209,588  oz.,  valued  at  about  838^00/ 

Dividends  equal  to  Js.  6d.  per  share  have  been  paid,  returning 
a  total  of  171,787/,  which  with  4J-.  per  share  paid  back  to  share- 
holders out  of  the  last  issue  of  reserve  shares  at  12/  each,  makes 
a  grand  total  of  lis.  6d.  per  share  paid  back,  representing 
270,392/. 

The  balance  sheet  of  March  31,  1900,  showed  assets,  comprising 

£  /.  d. 
aaOfOooi.  Consoli  at  coat  ....  108,594  6  o 
Sondiy  advances  on  aecuritiM  .  .  .  35,160  o  o 
Advances  to  Subsiduuj  Compuiiei         .         .  S,  too    □    o 

Caili 3".997  "    7 

Bullion  in  tnmat .        ,        .        .        .        .        37i95fi  >■  lo 

301,808  10    5 

In  addition  to  which  sundry  investments,  amounting  to  over 
10,000/,  were  referred  to  which  should  be  added  to  the  above 
amount,  as  well  as  stores  on  hand,  etc. 

The  shareholders  likewise  received  scrip  dividends  in  the  shape 
of  250,000  shares  in  the  Associated  Northern  Blocks  (being  at  the 
rate  of  one  share  of  the  latter  company  for  each  share  in  the 
Associated),  and  to  any  shareholders  who  may  have  realised  their 
holdings,  in  1900  at  3/,  this  would  have  meant  a  return  of  301-.  on 
Associated  .-ihares ;  they  were  recently  (August  25,  1902)  quoted  at 
3|to  3j  and  touched  4J  I  believe  in  1901. 

75,000  shares  in  the  Lake  View  South,  and  in  the  Lake  View 
Extended,  were  also  distributed  amongst  the  Associated  share- 
holders,  and  these  shares  at  one  time  possessed  a  market  value  of 
3|/  and   2/  respectively. 

In  the  early  part  of  1900  the  prospects  of  the  company  appeared 
anything  but  bright,  the  ore  reserves  then  in  sight  being  estimated 
at  only  37,740  tons,  valued  at  i  oz.  8-33  dwt.,  but  under 
control  of  Mr.  Hewitson,  the  former  manager  of  the  Ivanhoe,  the 
position  of  the  company  has  since  then  vastly  improved.  The 
results  for  the  year  ending  March  31,  1901,  were  35,524  tons  treated 
for  a  yield  of  29,912  oz.,  valued  at  1 12,072/   los.  gt/.,  and  a  very 
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large  increase  in  ore  reserves  was  reported,  as  they  were  estimated 
at  122,794  tons,  valued  at  i  oz.  3  dwt.  7  gr.  per  ton,  or  containing 

142.939  oz- 

The  sulphide  mill  has  been  remodelled  and  enlarged,  and  various 
general  improvements  have  been  made,  with  a  view  to  reduce  the 
high  costs  which  formerly  obtained  j  and  the  table  following  shows 
substantial  progress  made  in  this  direction  during  the  year  ending 
March  31,  1902:^ 

Baiis  aj  CaUiihtien  41 .  3S4  tens. 
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0    6    .-83 
*i8    3n 

50,650/.  14J.  4d.  was  spent  upon  development  account  and  shaft 
sinking,  and  included  in  capital  expenditure,  which  deducting 
several  credit  items  came  to  83,630/.  Ipf.  id. ;  inclusive  ol 
4068/.  iss.  gd.  spent  on  diamond-drilling. 

The  following  short  description  may  be  given  of  the  three 
principal  "  setts  "  the  company  hold. 

Two  formations,  known  respectively  as  Tetley's  and  the 
Australia  East  lodes,  have  been  those  principally  developed. 

The  plan  Fig.  79  attached  hereto,  shows  the  general  posi- 
tion of  the  underground  workings  on  both  formations ;  Fig.  80 
is  a  longitudinal  section  of  Tetley's  lode  along  the  line  C  D  on  the 
plan  ;  the  shaded  portion  shows  the  position  of  the  stopes  in  1900  ; 
most  of  the  high-grade  ore  sent  to  the  smelters  came  from  this 
section  of  the  mine. 

Owing  to  the  shortening  of  the  length  of  the  ore-shoot  in  the 
lower  levels,  as  compared  with  the  upper  ones,  it  was  feared  that 
the  pay-ore  might  cut  out  in  depth,  but,  although  no  doubt  an  un- 
favourable factor  to  be  reckoned  with,  an  exaggerated  importance 
appears  to  have  been  attached  to  it,  partly  because  It  Is  not  un- 
common for  ore-shoots  to  contract  and  widen  out  again,  and  partly 
because  it  would  appear  that  the  416-feet  level  at  any  rate  was 
driven  off  the  ore-body,  vide  report  (quoted),*  dated  May  10,  1900  : 


"  Statist,  Oclober,  10,  1900,  p.  617. 
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"  It  is  now  clear  that  the  intermediate  level  has  been  driven  off 
the  ore-body;  hence  the  poor  assays  of  samples  taken  from  the 
southern  (eastern)  portion  of  the  drive,"  and  the  Manager's  Report, 
dated  May  2,1901,  shows  this  to  have  been  the  case,  as,  referring  to 
this  point,  he  remarked,  "Adrive  was  extended  north  from  the  point 
where  the  good  ore  was  met  with  in  the  cross-cut,  along  the  portion 
of  the  lode  that  had  been  missed,  for  a  distance  of  7 1  feet  All  these 
workings  are  in  good  ore,  the  average  of  the  truck  samples  from 
here  being  i  oz.  9  dwt  16  gr.  The  width  of  the  lode  is  about 
15  feet."  And  again,  speaking  of  the  557-feet  level,  he  said,  "In 
Sect.  A  16  {Tetley's  lode)  a  cross-cut  was  driven  into  the  west  side 
of  the  south  drive  19  feet,  and  from  this  point  a  rise  put  up  42  feet 
into  the  No.  sstopes.  This  work  proved  awidthof  lofeet  of  30-dwL 
ore  which  had  been  left  in  the  wall,"  At  the  600-feet  level  drives 
were  extended  upon  the  lode,  north  83  feet  and  south  165  feet,  and 
an  ore-body  was  struck  1 1  feet  wide,  which  had  a  length  of  67  feet 
and  an  average  value  of  1  oz.  7  dwL  per  ton.  A  winze  was  sunk 
in  the  south  drive  (Section  A  16)  60  feet  (below  the  6oo-feet  level), 
the  bottom  of  which  was  however  in  low-grade  ore.  As  the  Statist 
observes  :  It  is  not  yet  quite  clear  whether  the  Tetley  ore-body  is  to 
be  regarded  as  being  in  the  nature  of  a  pipe  or  chimney,  or  whether 
it  is  one  of  a  succession  of  lenses  such  as  are  met  with  in  most  of 
the  other  formations  ;  but  if  the  former,  other  similar  bodies  may  be 
found  further  north  in  driving  along  the  course  of  the  formation. 
The  south-west  dip  of  the  formation  would  appear  to  carry  it  in 
depth,  into  the  Perseverance  and  Lake  View  ground,  although  the 
cross-section  shows  that  its  dip  becomes  more  vertical  as  it  goes 
down  below  No.  5  level. 

The  Australia  East  lode  traverses  the  eastern  side  of  the  lease 
on  a  "course"  that  bears  more  to  the  north,  unlike  Tetley's,  which 
crosses  it  diagonally. 

The  whole  of  the  oxidised  ore  treated  came  from  this  formation, 
whilst  Tetley's  carried  sulphide  ore  up  to  the  surface,  just  as  was  the 
case  in  the  Kalgurli,  to  which  it  bears  some  points  of  resemblance. 

Fig.  81  also  gives  a  longitudinal  section  of  the  Australia  East 
formation,  and  shows  the  position  of  the  stopes  in  1900.  At  one 
point  ore  is  said  to  have  been  taken  out  for  a  width  of  90  feet, 
and  to  have  yielded  by  treatment  16  dwt  per  ton.  To  the  south- 
east this  lode  runs  into  the  South  Block  of  the  Oroya  lease,  where 
for  over  200  feet  it  is  stated  to  have  had  a  value  ■  of  30  dwt.  per  ton. 
■   Staiitt,  October,  37,  1900. 
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Some  200  feet  north  (west)  of  Waddington's  shaft,  the  "forma- 
tion "  in  the  Associated  appears  to  be  cut  by  a  slide. 

Up  to  date  of  April  19OO,  the  total  amount  of  development 
work  done  in  the  mine  came  to  2\  miles,  and  up  to  the  end  of 
February  of  that  year,  it  had  produced  120,983  tons,  which  yielded 
192,768  oz.  of  bullion. 

During  the  year  ending  March  31,  1901,  a  considerable  body 
of  ore  valued  at  about  17  dwt.  was  discovered  above  the  300-feet 
level,  in  course  of  prospecting  from  Waddington's  shaft.  The 
main  crosscut  east,  passed  through  6  feet  of  ore  assayed  about 
I  oz. ;  and  Na  i  winze  42  feet  east  of  the  shaft  (Section  H  14) 
was  sunk  loS  feet,  and  the  lode  was  reported  6  feet  wide  and 
slightly  above  i  oz.  in  value.  This,  being  apparently  the  deepest 
point  then  reached  in  this  section  of  the  workings,  was  a  point  of 
interest. 

Work  carried  on  from  Judd's  shaft,  on  the  north-west  extension 
of  the  Australia  Main-lode,  does  not  appear  to  have  resulted  in  any 
new  discoveries  of  great  importance  being  made  in  1900-1901,  but 
speaking  of  the  south  drive  at  No.  5  level  on  the  course  of  the 
Australia  East  lode  Mr.  Hewitson  observed,  "  There  are  indications 
that  the  drive  is  not  far  away  from  better  values." 

The  most  important  event  of  the  year,  was  the  discovery 
of  an  entirely  new  ore-body  (the  No.  2  Cross-lode  as  it  is  called) 
which  was  intersected  by  the  main  cross-cut  started  50  feet  west  of 
Tetley's  shaft  at  the  600-feet  level,  in  a  north-easterly  direction 
towards  J  udd's  shaft ;  the  "  Cross-lode  "  being  met  with  in  the  cross- 
cut after  driving  it  about  300  feet,  where  it  intersected  the  Australia 
Main-lode  (this  latter  being  "  a  formation  "  lying  more  or  less  parallel 
with,  but  west  of  the  Australia  East  lode). 

Drives  extended  along  the  Main-lode,  north-west  198  feet  (where 
it  holed  through  to  Judd's  shaft)  and  south-east  18  feet,  exposed  a 
body  of  ore  25  feet  in  length  in  the  north  drive,  and  18  feet  in 
length  in  the  south  drive,  valued  at  I  oz. ;  whilst  drives  started  on 
No.  2  Cross-lode  and  run  235  feet  north  and  128  feet  south, 
opened  up  iSo  feet  in  length  reported  to  average  9  feet  in  width, 
assaying  i  oz.  3  dwt.  per  ton.  This  appears  to  loe'  a  case  of 
the  enrichment  of  the  Main-lode  by  the  Cross-lode,  where  they 
intersect. 

The  following  is  a  summary  of  development  work  during  the 
twelve  months  1900-1901  and  1901-1902. 
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Driving      .         .       S.396 
Crost-cutting      .       2,397! 
Rim*,  winzes,  etc.     1,060 
Shaft  inking                 170) 
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4.8a8 

Total    .         .     9.024 

ATCTige        f««- 

per  month      75  ^ 

340* 

9,700 
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SJ 
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Driving,  cross-cutting,  and  rises  and  winzes  cost  on  the  average 
4/.  15J.  6-66ti.  per  foot  Shafts,  "  plats,"  etc.,  lo/.  i?s.  g-6od.,  and 
diamond-drilling  14s.  wgid.  per  foot  in  1901-1932.  The  mine  was 
most  carefully  sampled  in  1900-1901,  16,821  assays  being  made  in 
the  laboratory  apart  from  4514  tests  and  analyses  of  various  kinds. 

In  1901-1902,  6902  tests  and  analyses  were  made,  and  the  fire 
assays  comprised : — 


During  the  year  ending  March  $1,  1902.  the  No.  2  Cross-lode 
was  intersected  at  the  400-feet  level  at  200  feet  east  of  Tetley's 
shaft  in  Section  E  15  where  it  was  12  feet  wide,  assaying  55^  dwt., 
and  although  this  was  not  maintained  it  showed  improved  values 
upon  being  driven  upon  further  north ;  the  face  at  98  feet  from  the 
cross-cut  being  reported  in  high-grade  ore,  telluride  showing  freely, 
and  the  last  16  feet,  it  is  stated,  averaged  32  dwt. 

On  Tetley's  lode  at  the  same  level,  ore  averaging  30  dwt.  was 
opened  up  in  Section  A  16,  and  close  to  the  Great  Boulder 
Perseverance  boundary,  "  a  lai^e  body  of  highly  payable  ore  "  was 
reported  disclosed  by  a  cross-cut  in  Section  A  17,  where  ore  stoped 
averaged  37  dwt 

An  important  strike  of  h^h^^rade  ore  was  also  subsequently 
made  in  Section  D  14  at  No.  5  level,  Tetley's  shaft,  which  it  was 
stated  had  "  considerably  brightened  the  outlook  of  the  mine,"  and 
it  appears  from  the  May  report,  that  in  driving  at  this  level  on  the 
Cross-lode,  the  level  was  carried  143  feet  in  ore  averaging  3  oz. 
10  dwt,  where  it  was  displaced  by  a  slide. 

On  Tetley's  lode  ore  was  stoped  in  1901-1902  averaging  21  dwt 
in  Section  A  15  and  16. 


,v  Google 


574  Go^  Mining  and  Milling 

On  No.  2  Cross-lode  a  rise  to  No.  5  level  in  Section  D  13  at  the 
junction  of  No.  2  Cross-lode  and  the  Australia  Main  lode,  passed 
through  rich  ore  averaging  40  dwt,  and  iti  prospecting  to  the  east 
of  No.  2  Cross-lode  a  parallel  seam  was  discovered  which  proved  to 
be  8  feet  wide.  Ore  broken  here  and  above  the  cross-cut  averaged 
33  dwt. 

At  date  of  March  31,  1902,  the  depth  of  the  lowest  "  plats  "  in 
the  mine  measured  from  the  "  collar  set "  at  Judd's  shaft  was  as 
follows  ; — 

lea. 
„,   ...  ^     ,  ,,  ,      ,  (Connects  with  No,  5  le»el 

Waddington's  No.    3  level  3«>  |    from  Judd's  slmft. 

Telley's  No.    7  'e«l  69* 

Judd'i  No.  loterel  1047 

The  most  important  developments  during  the  years  1901-1902 
were  (l)  a  large  make  of  ore  in  Tetley's  lode  on  the  western  side 
of  the  old  workings  at  Nos.  4  and  5  levels  ;  (2)  the  discovery  of 
the  "  footwall-seams  "  of  No.  2  Cross-lode  ;  (3)  the  shoot  of  ore  in 
the  Australia  East  lode  at  No.  3  level.  Section  F  10;  and  (4)  a 
"bore"  run  1025  feet  from  No.  2  level,  Judd  shaft,  put  down  in 
Section  C  5  No.  41,  to  a  vertical  depth  of  1269  feet  from  surface, 
at  a  depth  of  808  to  9CX)  feet,  passed  through  a  large  low-grade  ore 
body,  supposed  to  be  the  Northern  Blocks  Oroya  lode ;  judging 
from  position  and  the  strike  of  the  two  formations,  however,  unless 
it  makes  a  sharp  bend  to  the  north  (which  has  -yet  to  be  proved), 
it  seems  scarcely  likely  that  the  Brownhill  Oroya  lode  can  corre- 
spond with  the  Australia  East  lode,  as  some  suppose. 

The  following  advices  received  subsequently,  in  1902,  may  be 
of  interest : — 

Statist,  May  3,  1902.— "  Tetley's  shaft  :  {north  drive  on  No.  2 
Cross-lode)  at  the  500-feet  level  the  vein  has  been  driven  upon  north 
for  a  distance  of  40  feet  showing  an  average  width  of  5  feet,  and  an 
average  assay  of  4  oz.  per  ton." 

Statist,  May  10. — "  In  the  north  drive  on  the  No.  2  Cross-lode 
at  the  500-feet  level  Tetley's  shaft,  the  width  of  ore  is  now  reported 
as  3  feet  assaying  3  oz.  per  ton." 

Advices  were  received  at  the  end  of  July  which  would  seem  to 
indicate  that  Tetley's  lode  has  gone  down  more  vertically  than  was 
expected,  it  being  reported  by  the  manager  that  at  the  800-feet 
level  the  "  lode  is  dipping  into  our  ground."  This  is  discussed  in 
tlie  Statist  of  August  2,  1902,  from  which  the  transverse  section 
Fig.  82)  is  produced. 
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It  appears  from  the  Report  for  October  1902,  that  at  No.  6  level 
on  Tetley's  lode,  a  "  rise  "  74  feet  south  of  the  main  west  cross-cut 
was  put  up  26  feet,  the  first  16  feet  averaging  3  oz.  g  dwt.,  and  the 
last  10  feet  being  in  high  grade  ore.  At  No,  8  level,  the  north  drive 
on  No.  2  Cross-lode  had  been  advanced  45}  feet,  the  last  28  feet 
averaging  i  oz.  5  dwt.  15  gr.,  the  lode  showing  for  the  full  width  of 
the  drive  ;  the  last  17^  feet,  however,  was  in  ore  of  lower  value. 

The  ore  reserves  at  March  31,  1902,  were  estimated  at  91,210 
tons,  containing  1 18,660  oz.  bullion,  and  an  independent  examina- 
tion since  made  by  Mr,  Griffiths*  put  the  ore  reserves  at  100,000 
tons  valued  at  26  dwt ;  41,384  tons  of  the  company's  ore  were 
treated  for  a  yield  of  36,399  oz.  of  bullion  of  an  average  value  of 
3/.  i6r.  8'3(/.  per  oz.,  and  the  extraction  has  improved  since  the  old 
percolation  process  has  been  given  up,  whilst  the  cost  of  reduction 
has  gone  down. 

A  vigorous  policy  of  development,  coupled  with  the  fact  that 
with  the  works  in  full  running  order,  they  were  expected  to  be  able 
to  treat  7000  to  8000  tons  per  month  with  an  extraction  of  about 
92  per  cent,  "as  compared  with  an  output  of  2000  to  3000  tons  with 
a  60  to  70  per  cent,  extraction  as  formerly,  seems  likely  to  bear  good 
fruit  in  the  future  If  the  additions  to  the  ore-reserves  keep  pace 
with  the  extension  of  development  work,  in  anything  like  the  same 
ratio  as  in  the  period  reviewed.  In  January,  February  and  March 
of  last  year  (1902)  between  5077  and  5325  tons  were  treated  monthly, 
which  returned  3764  oz.  to  4502  oz.  per  month  of  a  total  net  value 
ranging  from  14,309/.  los.  ^tf.  to  16,806/.  lis.  in  March.  The  Kal- 
goorlie  correspondent  of  the  Financial  Times,  in  a  letter  dated 
December  24,  1901,  remarked  :  "There  now  appears  a  probability 
that  the  mine  will  at  last  settle  down  into  a  regular  produce  of  at 
least  50CO  to  6000  oz.  per  month."  Details  of  mining  and  milling 
costs  will  be  found  tabulated  elsewhere.  The  total  production  of 
the  mine  to  date  of  March  31,  1902,  may  be  calculated  to  have 
amounted  to  201,715  tons  treated,  that  yielded  260,281  oz. 

T/te   Kalgurli  Gold-Mines. 
The  property  of  this  company  consists  of  two  adjoining  leases, 
one  of  12,  the  other  of  6  acres,  shown  on  the  accompanying  "  plan," 
Fig.  83,  which  the  proprietors  of  the  Statist  have  kindly  allowed 
the  Author  to  reproduce. 

•  Chunnan's  ipeech  at  Otdinary  Meeting  of  the  Company,  July  34,  1901, 
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The  company  was  formed  in  June  iSgs,*   the  capital  being 
apportioned  as  follows  : — 


The  following  subsequent  issues  being  made  to  provide  further 
working  capital. 

10)000  shares  at  3§/.  per  share  .  3S.ooo 

5,500  shares  at  6/.  per  share  .         .         .         33.000 

4,500  shaies  at  S/.  per  share  .         .         .         36,000 


These  issues,  with  the  original  amount  raised,  gave  the  company 
a  working  capital  of  124,000/. 

The  total  nominal  capital  issued  is  120,000/.  The  mine  com- 
menced crushing  in  March  1900,  the  ore  having  been  shipped 
previously  to  smelters,  pending  the  results  of  the  different  methods 
of  sulphide  treatment  under  trial.  The  distance  from  the  north- 
western to  the  south-eastern  boundary  is  about  1460  feet,  and  the 
formations  that  traverse  the  lease  strike  in  a  general  north-west 
and  south-east  direction. 

The  original  discovery  was  made  by  a  prospector  named 
McLeay  in  the  north  block,  but  for  some  time  no  ore-bodies  of 
value  were  found ;  but  a  small  vein  of  rich  telluride  ore  discovered 
at  the  lOO-feet  level  led  to  the  discovery  of  the  rich  and  wide 
chimney  which  was  met  with  at  the  200-feet  level. 

The  two  principal  formations  so  far  developed  are  known  as 
the  Middle  and  West  lodes,  and  owing  to  their  different  bearing 
cross  one  another  (both  dipping  west  in  the  upper  levels)  between 
the  main  shaft  and  Howell's.  A  formation  further  east  is  also 
known  to  exist  called  the  East  lode. 

The  Middle  lode  at  the  lOo-feet  level  appears  (as  already  stated) 
to  have  had  but  little  value  at  surface,  but  at  the  200-feet  it  is  re- 
ported to  have  been  i3  feet  wide,  and  for  a  length  of  70  feet  had, 
it  is  said,  a  value  of  2\  oz.  per  ton  ;  at  the  300-feet  level  the  value 
was  ij  oz.  for  a  length  of  lOO  feet. 

At  the  420-feet  level  the  formation  apparently  alters  its  dip 
from  west  to  east,  and  a  drive  was  extended  184  feet  to  the  north 
and  283  feet  south  ;  at  the  520-feet  level  an  ore-body  30  feet  wide 
valued  at  \\  oz.  per  ton,  was  cut,  showing  a  stretch  of  lOO  feet  of 
pay  ore,  south  of  the  main  shaft.    The  West  lode  at  the  lOO-feet 

*  Stati)!,  November  24,  1900. 
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level  is  stated  to  have  been  30  feet  wide,  and  for  a  length  of  83  feet 
was  valued  at  3  oz.  per  ton. 

At  the  200-feet  level  it  was  valued  at   1;^  oz.  for  a  distance  of 
1 16  feet  for  the  same  width. 


•^"X 


i  i 


„  Google 


578  Gold  Mining  and  Milling 

At  the  300-feet  level  a  small  body  of  ore  met  with  was  valued 
at  2  oz.  for  a  length  of  50  feet. 

The  richest  portion  of  the  property  appears  to  lie  between  the 
Main  and  Howell  shafts;  the  extensions  of  the  drives  north  and 
south  running  into  low  grade  ore.  The  property  has  been 
extensively  cross-cut  practically  from  boundary  to  boundary  in  the 
centre,  also  from  Williams'  shaft  at  the  north  end,  and  from  Jones' 
and  Evans'  shafts  at  the  south  ^nd,  where  a  bore-hole  proved  a  low 
grade  formation,  46  feet  wide. 

Extremely  rich  ore  has  been  found  in  the  main  ore-chimney. 
In  1897,  1016  tons  smelted  returned  \\  oz.  per  ton,  245  tons 
8J  oz.  per  ton,  and  2  tons  of  selected  ore  sent  away  was  valued  at 
180  oz.  per  ton. 

The  ore  in  sight  in  November  igcx)  was  estimated,  I  believe^ 
at   100,000  tons,  worth  on  the  average  J^.  lOy.  per  ton. 

In  the  year  ending  July  26,  1901,  the  main  shaft  was  carried 
down  to  850  feet,  and  levels  were  opened  at  750  and  850  feet. 

In  sinking  the  shaft  at  805  feet  a  formation  6  feet  in  width 
apparently  striking  east  and  west  with  a  flat  underlie  {35")  was  passed 
through,  assaying  from  5  dwt.  to  2  oz.  per  ton  ;  again  at  840  feet  a 
well  defined  lode  was  intersected  which  continued  for  ID  feet  ;  and 
in  the  cross-cut  at  the  850-feet  level,  had  an  average  value  of  8  dwt, 
small  veins  in  it  assaying  up  to  I  oz.  per  ton.  At  the  640-feet  level, 
36  feet  west  of  the  main  shaft,  100  feet  were  driven  south  from  the 
main  cross-cut  in  ore  of  an  average  value  of  30  dwt.  ;  and  north 
32  feet,  in  ore  of  the  same  grade,  followed  by  27  feet  in  15  dwt.  ore. 
At  the  south  end  of  the  south  drive,  cross-cuts  driven  west  10  feet 
and  east  5  feet  were  reported  in  ere  of  an  average  value  of  20  dwt. 
per  ton.  No.  2  south  drive,  started  from  the  main  west  cross-cut 
at  61  feet  from  the  shaft,  was  carried  32  feet  in  20  dwt  ore,  and 
north  1 1  feet  in  ore  of  a  similar  value  per  ton. 

A  "  rise  "  put  up  to  the  540-feet  level,  in  No.  I  level  30  feet  south 
of  the  main  west  cross-cut,  was  reported  to  have  shown  an  average 
value  of  2  oz.  per  ton  for  the  whole  height  The  values  quoted 
being  mill  values  from  ore  broken  out  in  development.  At  the 
540-fcet  level,  26  feet  south  of  the  main  west  cross-cut  for  a  length 
of  58  feet  the  drive  was  widened  to  1 5  feet,  "  this  work  was  all  in 
high  grade  ore  carrying  telluride,  and  more  free  gold  than  had 
been  met  with  in  the  sulphide  ore  in  other  parts  of  the  mine." 

The  chairman  at  the  Annual  Meeting  (December  10,  1901), 
quoting  a  cable  just  received,  is  reported  to  havesaid  r  "The  west 
cross-cut  at  the  92S-feet  level  exposed  ore  for  a  distance  of  30  feet 
For  a  distance  of  25  feet  the  average  assay  of  the  ore  was  25  dwt 
per  ton.  At  a  distance  of  18  feet  from  the  main  shaft,  driving 
north  and  south  had   been  carried  a  distance   of  20   feet      The 
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average  assay  of  ore  is  35  dwt  per  ton,  the  gold  is  chiefly  as 
teliuride."  Developments  of  an  encouraging  nature  were  reported 
in  1902  ;  thus  from  850  to  870  feet,  the  ore  in  the  shaft  carried 
teliuride,  the  average  value  reported  being  20  dwt.  per  ton  ;  at 
910  feet  another  ore-body  was  struck  and  carried  down  to  935  feet, 
assaying  from  920  to  923  feet  2j^  oz.  per  ton,  and  some  small  but 
high  grade  veins  were  struck  at  1005  feet ;  at  1060  feet  a  rich  vein 
varying  in  width  from  3  to  15  inches  was  met  with,  reported  to 
carry  both  teliuride  and  free-gold.  At  1065  feet  another  vein  12 
to  18  inches  wide  was  encountered  valued  at  29  dwt.  per  ton  : 
most  of  these  ore-bodies  were  repoi  ted  to  dip  west,  but  the  teliuride 
vein  at  1005  feet  dips  east.  Various  other  developments  in  igoi— 
1902  are  described  in  the  company's  report 

The  main  shaft  reached  a  depth  of  1078  feet  early  in  1902, 
1 149  feet  of  development  work  was  done  during  1900-1901,  and 
1439  feet  in  1901-1902.  The  supply  of  ore  for  the  mill  was  drawn 
from  all  parts  of  the  mine,  from  the  surface  dumps  to  the  /so-feet 
level ;  the  greater  part  having  been  taken  out  in  course  of  develop- 
ment and  exploration  work  ;  the  stopes  on  the  200-feet  level  were 
chiefly  drawn  upon  for  the  balance  required. 

1 5.583  tons  were  treated  in  1900-1901  for  a  return  of  20,964  oz.  of 
standard  gold,  an  average  of  i  •  34  oz.  per  ton ;  the  extraction 
obtained  being  90-8  per  cent.  The  profit  and  loss  account  showed 
a  net  profit  of  22,757/.  OJ'.  2d, ;  and  after  writing  off  11,301/.  13J.  ^d. 
for  depreciation  of  plant,  buildings  and  machinery,  a  balance  of 
25,542/.  IS.  6d.  was  left,  out  of  which  a  dividend  of  2s.  6d.  per  share 
was  declared  in  December  igor.  Since  July  1902,  two  interim 
dividends  of  2s.  6d.  each  have  been  declared,  one  paid  on  October  2, 
1902,  and  the  other  on  January  6,  1903. 

The  average  working  cost  per  ton  for  the  year  ending  July  31, 
1901,  was  given  as  2/.  lis.  Z'^6d.  but  the  ore  treatment  costs  were 
stated  to  have  been  reduced  in  the  last  four  months  of  the  period 
covered  by  the  Annual  Report.  For  the  year  ending  July  31,  1902  ; 
22,060  tons  were  treated  which  returned  24,842-26  oz.  of  standard 
gold,  an  average  of  about  !■  12  oz.  per  ton  ;  the  extraction  being 
91  '38  per  cent. 

The  new  plant  (a  full  description  of  which  is  given  in  the 
Chapter  on  Sulphide  Treatment),  is  designed  to  handle  a  minimum 
quantity  of  3500  tons  per  month,  and  3500  to  3650  tons  have  been 
treated  since  July, 

The  General  Manager  expressed  the  opinion  that  the  ore 
reserves  on  July  26,  1901,  were  larger  than  at  the  commencement  ot 
the  year,  and  Mr.  R.  S.  Black  stated  in  July  1902,  that  develop- 
ments had  opened  up  a  supply  of  ore  sufficient  to  meet  the  present 
tonnage  for  three  years. 


2  P  2 


,yGoog[c 


580  Gold  Mining  and  Milling. 

The  figures  presented  in  the  accompanying  Table  No.  XII. 
have  been  compiled  by  the  Author  from  the  Gold-Mining  Statistics 
of  the  West  Australian  Government,  the  Mining  Year  Book, 
Skinner's  Mining  Manual  and  other  authorities,  and  he  has  to 
thank  the  secretaries  of  different  companies  for  the  kind  assistance 
they  have  rendered  him  in  placing  .such  published  information  as 
they  could  furnish  at  his  disposal. 

The  difficulties  in  the  way  of  securing  absolute  accuracy  in 
regard  to  figures  of  past  production  are,  however,  very  consider- 
able, as  in  all  but  one  instance  they  are  calculated  on  the  basis  of 
the  calendar  year  and  not  on  the  period  covered  by  the  Annual 
Report  of  each  company  unless  the  two  happen  to  correspond. 

In  the  early  days  of  the  field,  moreover,  returns  were  difficult 
to  obtain  and  statistical  records  could  not  be  expected  to  be  kept 
with  the  same  exactness  that  now  characterises  them. 

The  fact  that  a  large  amount  of  ore  has  been  treated  outside  of 
the  Colony  (the  returns  from  which  had,  in  many  cases,  to  be 
estimated)  further  complicates  the  agreement  of  different  figures; 
as  the  published  returns  in  some  cases  represent  the  amount  of 
bullion  returned  by  the  smelters  (disregarding  losses  in  smelting, 
etc.),  in  others,  doubtless,  the  gross  estimated  contents  of  the  ore 
based  on  assay  values. 

The  Author  believes,  however,  that  the  figures  represent  in  a 
tabulated  form,  as  nearly  as  can  be  ascertained,  what  the  several 
mines  he  has  described  have  produced  ;  as  allowing  for  the  gold 
produced  by  the  original  companies,  and  gold  from  ailuvials,  tri- 
butes, etc.,  which  is  not  included,  the  total  tonnage  crushed  and 
bullion  produced  correspond  practically  with  the  total  amount  the 
various  mines  are  credited  with  in  the  Government  statistics,  and 
the  returns  of  the  Kalgooriie  Chamber  of  Mines  ;  and  the  indi- 
vidual returns  of  the  different  companies  have  been  very  carefully 
kept  during  the  last  few  years. 

Conclusion. 

If  space  permitted,  the  Author  might  have  dealt  with  various 
other  mines,  but  circumstances  will  not  allow  him  to  do  so  ;  and 
he  tiiinks  that  the  properties  he  has  described  present  a  sufficiently 
good  idea  of  the  typical  features  of  the  field,  to  render  further 
amplification  unnecessary.  Special  points  of  interest  in  a  number 
of  instances  have  been  touched  upon  in  the  chapters  on  Geology, 
Mining,  and  Ore-treatment. 

The  figures  in  Tables  No.  XII.  and  No.  XIII.  afford  striking 
evidence  that  Kalgooriie  may  boast  of  being  one  of  the  premier 
mining  camps  of  the  world,  despite  its  peculiar  difiiculties. 
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A  summary  of  the  figures  showing  the  market  valuation  "  of 
the  mines  included  in  Table  No.  XIII.  was  given  in  the  Statist  of 
August  18,  1900  (from  which  it  has  been  partly  compiled),  and 
shows  the  great  fall  that  took  place  in  ttie  market  value  of  West 
.Australian  shares  at  that  period  ;  no  account  being  taken  of  some 
slight  capital  changes  which  occurred  in  the  interval,  as  they  were 
unimportant  The  issued  capital  in  1901  and  the  highest  and  lowest 
prices  of  the  shares  in  1900,  1901,  and  1902  have  been  added  by 
the  Author. 

Kilgoodic  Ubo.   MiulLuiuus. 

Market  Tiliuticii,  highest,  1S99  41,161.795        5,653, 125 

March  26,  1900  .         .         24,312,848        3,832,500 

„  August  I4<  1900    '  ig,tiSo,024        3,144,375 

Pcrctnl.  Puccnt. 

3B  hiehmt,  1B99  409  31-9 

„         „  51-7  44-3 

a  March  36,1900  Zl'3  2l'3 

The  fall  in  Associated  alone,  accounted  for  nearly  a  quarter  of 
the  total  depreciation  in  igcx),  and  Lake  Views  dropped  about  12^ 
per  cent.  The  three  Great  Boulder  mines,  however,  showed  but 
little  change. 

It  may  further  be  pointed  out  that,  according  to  figures  com- 
piled by  the  Australian  Trading  World,  the  market  valuation  of 
thirty-five  West  Australian  mines  which  when  issued  represented 
8,834,000/.,  stood  at  31,449,225/.  on  January  23, 1900 ;  at  32,861,063/. 
on  February  20,  1900;  at  26,070,906/.  on  June  25,  1900;  at 
22,286,438/.  on  December  21,  1900 ;  at  18,356,125/.  on  April  9, 
1901;  at  16,784,220/.  on  August  12,  1901  ;  at  19,793,249/.  on 
September  9,  1901  ;  at  18,658,812/.  on  November  8,  1901  ;  at 
17,783,813/.  on  February  10, 1902  ;  at  15.952,063/.  on  May9,  1902  ; 
at  14.925,671/.  on  August  11,1902  ;  at  15,287,921/.  on  September  8. 
1902  ;  and  at  14,494,796/.  on  October  10,  1902.  Or,  as  calculated 
in  the  Financial  Times  in  its  issue  of  May  17,  1902,  taking  these 
_:S  mines  at  par  value  : — 

On  Februaiy  xi,  1900,  Ihey  stood  al 


February  10 
^larch  10, 
Aprils, 
May  9, 


439 '95 
219-59 
203-94 


Table  No.  XIV.  gives  the  production  and  dividends  of  six 
Kalgoorlie  companies  in  1898,  1899  and  1901,  which  were  not 
included  in  Table  No.  XII. 

From  the  Report  of  the  West  Australian  Chamber  of  Mines, 

*  Some  interesting  esiimaiei,  which  bear  on  this  subjeci,  were  given  by  Linkman  in 
the  Financial  Timet  of  July  16  and  November  8,  1902. 
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December  1898,  it  would  appear  that  76  6  per  cent  of  the  total  gold 
product  of  West  Australian  mines  was  contributed  by  British- 
owned  mines  in  1897  ;  and  68  5  per  cent,  in  i8gS. 

A  summary  of  the  cabled  returns  from  fifty  British-owned  mines 
operating  in  Western  Australia,  in  December  1899  (given  in  the 
Returns  of  the  West  Australian  Chamber  of  Mines),  showed  the 
following  totals  and  averages,  allowing  for  defective  or  abnormal 
returns : — 


Mill  and  smelting  oie                 .         .  |        6i,575  ^i7i4  i  ^-^  ) 

Tailings          .....  22,896  11.721  o  10  I  ' 

Slimes 6,025  2,224  °  "'4  .  * 

Concentrates ajj  I , '47  4  '3'8  ' 

The  total  gold  production  of  West  Australian  mines  in  1900, 
as  shown  by  the  Mining  Statistics  of  the  Department  of  Mines, 
amounted  to  1,513.91708  oz.,  which  appears  to  have  been 
obtained  as  follows  1 — 

Ore  milled  I,133,I04'45  tonsfyielde'i  997,570-57  oi. 
Alluvial,  yielded  27,669  46  01. 

Dollied  and  specimens  yielded  i3,237'o8  oz. 

SmeliEne  Ore.  Cooocnhalu. 

55,243-55  Ions  yielded  125,359-74  o^.  7,522 'Si  Iods  yielded  30,531-87  01. 

Tuilings.  Slime'. 

747,560-86  ton*  yielded  288,l57'2l  uz.  79.041-00  ions  yielded  31,371-15  m. 

Grandlola.lt   1,513,917 'oS  02, 

The  average  per  ton  treated  (inclusive  of  alluvial  and  specimen 
gold),  was  1*14  oz.  compared  with  1-31  oz.  in  1899. 

Mr.  H.  C.  Hoover  expressed  it  as  his  opinion,}  in  December 
189S,  that  if  the  lodes  at  Kalgoorlie  maintained  their  value  with 
depth,  the  equipment  in  contemplation  and  course  of  erection 
should  treble  the  output  in  four  years,  bringing  it  up  to  75,000  oz. 
a  month,  a  figure  it  nea'-ly  approached  in  1900  (when  it  averaged 
67,575  o;^.)  and  exceeded  in  1901,  when  it  averaged  86,139  *''■ 

The  outside  mines,  Mr.  Hoover  added,  now  furnish  75  per  cent, 
of  the  production  of  Western  Australia,  and  whilst  the  increase  from 
them  will  not  be  so  great,  they  may  conservatively  be  expected  to 
swell  the  total  to  150,000  oz.  monthly,  a  figure  which  has  also 
alreadybeenexceeded,  since  April  1901,  as  shown  by  Table  No.  XV., 
which  gives  the  total  gold  output  of  the  different  gold-fields  of 

•  Total  from  all  sources,  84,806  oz. 

t  This  figare  is  civen  by  Mr.  Jas.  Wallace  (Government  Statist)  in  his  letter  of  trans- 
mittal to  the  Department  of  Mines  dated  May  3],  1901.  GolJ  Slalhtks.  1900,  and  the 
fi^te  markedS  i.s  eslimaled  from  the  dala  therein  given. 

t  Eng.  and  Mining  Joutnal,  December  1 7,  I S98. 
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Western  Australia  as  entered  monthly  for  export  and  received  at 
the  Royal  Mint,  Perth,  from  January  i,  1897,  to  December  31,  1901. 
In  1932  thirty-two  companies  are  stated"  to  have  produced 
1,388,420  oz.  of  bullion  from  1,376,842  tons  of  ore,  yielding  an 
average  of  1  '085  oz.  per  ton  ;  and  estimating  the  market  value  of 
the  shares  on  December  i,  1902,  at  15,375,315/.,  the  dividends  de- 
clared last  year  amounted  to  over  8  per  cent,  or  1,279,225/.  The 
total  production  of  the  State  up  to  the  end  of  December  1902  is 
calculated  at  9,974,463  oz.  valued  at  37,670,313/  Kalgoorlie  alone 
is  credited  t  with  a  yield  of  1,11-6,383  oz.,  and  a  grand  total  of 
4.564,112  oz.  produced.  It  is  said  to  have  returned  6,414,000/.  in 
dividends  ;   1,086,250/.  of  that  sum  being  distributed  last  year. 

General  Charges,  Maintenance,  etc. 

At  the  end  of  1898$  Mr.  Hoover  said: — "It  is  impos- 
sible to  estimate  accurately  expenditures  for  maintenance  and 
general  chaises,  from  present  cost.  Because  of  the  large  excess  of 
construction  and  development  going  forward ;  we  may  for  present 
purposes,  put  it  down  at  72  cents  {is.)  a  ton  " ;  it  may  be  added, 
however,  that  it  is  liable  to  vary  with  output  to  a  very  considerable 
extent,  as  shown  by  the  following  table,  which  gives  an  estimate  of 
the  cost  of  maintenance,  depreciation,  etc.,  at  several  mines  in  1898— 
1899,  not  taking  into  account  any  London  or  Adelaide  expenses. 


L      d.     •.       d.      *.     flL  ,  ..    d.   i  ,.  i    I  J.     rf. 
Gentril  expenditure  and  manage-  '2  8'iE3    i   io'7i3  5     I'o   5  0'3  JS  4'€5|!4  io'47 

Miinteikuice [i.e. Tepairs, renewals,  '2  i'2S4  o  io'937   i     5"i.  2  2-7  1^7  2'78   1     5'54 

«c).  1  1  1  I  ' 

DeiKeci«tion(pl»nlelc.)  .    4  6-i87,$3    6'094$4  io'457  8-6   3  io-68§2     7'io 

Owing,  however,  to  the  great  influence  that  output  and  different 
variable  factors  exercise,  and  the  different  way  in  which  the  same 
items  of  expenditure  are  dealt  with  in  the  statements  of  cost  pre- 

■  'Gold  Mining  ill  WeflernAUBitalia,'  byH.  C.  lloovtT,  Eag:  and  Mining yourrn/, 
January  3,  1903. 

t  Mining yvHrna/.  London.    Kalgoorlie  correspondent  leller,  daled  January  5,  1903. 

I  Eng.  and  Mining  Journal,  December  17,  1898. 

g  Written  off  machinery,  buildings  and  plant  in  balance  iheel. 

n  Included  gold  shipment  charges. 

1[  This  fieute  seems  to  have  included  "  u'ater-supply  eipenses,''  which,  would  leem 
more  proper^f  chargeable  to  "  general  expenses  "  if  not  split  np. 
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sented  by  different  companies,  it  is  practically  out  of  the  question 
to  attempt  to  compare  them  with  the  data  available  so  as  to  establish 
any  standard  coefficient  of  cost  applicable  to  mines  in  general  on 
this  field. 

Capital  CAa^^cj-.— Tables  No.  XVI.  and  No.  XVII.  given  in  the 
reports  of  the  Lake  View  and  Ivanhoe  Companies,  show  what  these 
charges  amounted  to  in  each  case,  spread  over  a  number  of  years. 

The  i'tertj^in  itsissue  of  June28,  1902,  published  an  interesting 
article  on  "  Some  points  on  Westralians  "  which  shows  in  a  tabular 
form  the  various  amounts  written  off  on  account  of  development. 
plant,  etc.,  by  different  companies,  and  strongly  advocates  following 
the  example  of  Transvaal  undertakings,  viz.  allocating  a  certain 
sum  per  ton  crushed  to  "redemption  of  mine  development  charges," 
a  practice  which  is  unquestionably,  in  the  Author's  opinion,  sound 
policy. 

It  must  not  be  forgotten,  however,  that  there  is  some  difference 
in  the  two  cases,  as  the  tonnages  and  values  in  ground  blocked  out 
are  not  so  easily  arrived  at  for  purposes  of  calculation  in  Western 
Australia  as  on  the  Rand  ;  and  wider  margins  would  require  to  be 
allowed;  but  it  might  be  dealt  with  as  a  "suspense  account," 
pending  the  exhaustion  of  each  block  of  ground  when  the  difference 
between  the  original  estimate  and  the  actual  returns  could  be 
adjusted,  in  calculating  the  allowance  to  be  made  in  the  ensuing 
year.  The  question  of  a  company  creating  a  "  sinking-fund  "  for 
the  redemption  of  the  original  company  embarked  in  the  under- 
taking by  the  time  the  property  is  worked  out  is  quite  another 
question,  however,  the  pro's  and  con's  of  which  are  discussed  in  the 
Financial  Times  of  January  27,  1903. 

Mining  and  Treatment  of  Sulpho-Tellurida  Ore :  General  Cost 
at  th£  present  time,  inclusive  of  Dex'elopment. 
Excluding  mine  development,  construction,  and  depreciation. 
local  costs  in  Western  Australia  probably  range  at  the  present  time 
between  29^'.  and  sar.  The  Author  is  inclined  to  believe,  however, 
that  whilst  in  exceptional  cases  the  gross  cost  when  dealing  with 
sulphide  ore  may  not  exceed  501.  to  6c«.  per  ton  treated  in  most 
instances,  including  development  charges,  depreciation,  mainten- 
ance, London  expenses,  taxes  on  gold,  etc. ;  it  varies  between  Coj. 
and  93^.,  depending  of  course  on  size  of  ore-bodies,  character  of  ore, 
general  management,  scale  of  treatment  and  other  circumstances  that 
have  been  mentioned.  As  Mr.  Hoover  has  pointed  out,  however,"  as 
the  economic  conditions  of  mining  become  more  favourable,  and  the 
operations  are  conducted  on  a  large  scale  with  increased  efficiency  of 

•  Eng.  and  Mining  "^UTHal,  December  17,  1898. 
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management,  the  working  costs  will  decrease  and  lower-grade  ores 
become  profitable.  "  Ever)'  country  possesses  more  one-ounce  than 
two-ounce  ore,  and  more  half-ounce  than  three-ounce  ore.  Still  every 
decrease  in  working  expenses  means  an  increase  in  tonnage  treated 
in  the  leading  mines,  and  an  increase  in  the  number  of  profitable 
mines  on  the  gold-field," 

The  rapid  growth  of  the  industry  is  shown  by  the  Government 
returns,  embodied  in  Table  No,  XVIII.,  which  show  the  output  of 
Western  Australia  in  the  aggregate  from  1896  to  the  end  of  1901. 

The  gold  output  of  Western  Australia,  between  1886  and  the 
end  of  1899.  as  can  be  seen  from  Tables  No.  XV.  and  No.  XVIIL, 
in  fact  grew  at  the  pace  of  sweet -corn  in  August,  when  the  darkies 
say,  "  you  can  hear  it  grow  at  night  " ;  and  notwithstanding  the  set- 
back which  the  industry  received  in  1900,  it  seems  to  be  fairly  started 
again,  and  when  the  immense  quantities  of  low  grade  sulphide  ores 
the  mines  contain  come  to  be  treated  (to  borrow  another  quaint  but 
appropriate  simile  from  Julian  Ralph),  I  think  there  is  good  reason 
to  expect  that  it  will  "  push  up  like  a  mango-sprout  in  the  hands 
of  an  Indian  juggler  ;"  provided  capital  is  forthcoming  for  their 
further  development  in  old  and  new  directions. 

The  future  prospects  of  the  field  appear  to  be  well  summed 
up  by  the  special  correspondent  of  the  Financial  Times  in  the 
following  extracts  from  two  letters  dated  Kalgoorlie,  March  2  and  9, 
1901,  which  I  may  quote  in  conclusion  : — 

"Taken  on  the  whole,  the  mines  on  the  Kalgoorlie  belt  look 
better  to-day  than  they  have  ever  done.  Moreover,  we  have  some 
of  the  ablest  metallurgists  in  the  Colonies  constantly  experimenting 
on  our  sulphide  ores,  so  that  in  the  near  future  we  may  expect  to 
see  treatment  costs  very  considerably  reduced." 

There  is  every  reason  to  believe  that  in  the  near  future  half-ounce 
sulphide  ore  will  be  worked  at  a  handsome  profit.  When  this 
desideratum  is  attained,  the  Kalgoorlie  field  will  be  second  to  none 
in  the  world,  for  it  possesses  millions  of  tons  of  ore,  ranging  from 
pennyweights  up  to  ounces,  which  are  only  awaiting  cheap  and 
economical  treatment."  That  is  the  key  to  the  whole  business, 
although  it  may  take  some  time  to  realise,  and  "  the  near  future" 
must  not,  I  think,  be  taken  too  literally. 

A  great  deal  will  probably  be  done  to  cheapen  costs  in 
Western  Australia  by  directing  more  attention  to  the  oi^anisation 
of  labour  underground,  automatic  handling  of  ore  on  surface,  and 
steam  economy  which  requires  to  be  specially  studied,  both  in 
laying  out  and  operating  plant. 

In  a  tropical  climate  it  is  obviously  more  difficult  to  secure 
good  condensation  than  in  a  colder  one,  and  defective  condeasa. 
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tion,  owing  to  lack  of  efficient  cooling  arrangements,  is  often 
responsible  for  poor  vacuums  and  heavy  back  pressures  ;  whilst 
badly  arranged  steam-plant,  defective  setting  of  valves,  and  '  wire- 
drawing' in  steam  pipes  may  result  in  large  losses  of  pressure 
between  boilers  and  engines  and  consequent  waste  of  power,  which 
is  a  most  serious  item  of  expense  in  a  country  like  Australia,  where 
water  and  fuel  are  so  expensive.  Engines  therefore  need  to  be 
periodically  "indicated"  and  tested,  and  with  compound  engines 
special  attention  requires  to  be  paid  to  see  that  the  pressure  in  the 
high  and  low  pressure  cylinders  is  so  proportioned  as  to  secure 
proper  balance  of  power.  The  employment  of  oil  and  water-gas  for 
fuel  presents  a  possible  field  for  economy,  and  improved  methods 
of  concentration,  and  Taverner  process  for  the  treatment  of  '  gold- 
slimes '  seem  to  merit  consideration. 

No  better  proof  of  the  stability  of  Western  Australian  mining, 
and  the  confidence  of  the  public  therein,  can  be  cited,  than  the  fact, 
that  whereas  on  December  31,  1899,  the  total  capital  value  of 
the  machinery  on  the  various  West  Australian  gold-fields  was 
estimated  at  1,952,712/.,  on  December  31,  1900,  and  I901,  it  was 
valued  at  no  less  than  2,994407/.  and  3,982,342/  respectively;  the 
machinery  on  the  East  Coolgardie  held  alone  representing  a  value 
of  1,077,557/.  '"  1900  and  1,814,422/  in  1901. 

As  indicated  by  "  Linkman  "  in  an  article  in  the  Finattcial  Times 
of  July  iG,  1902,  the  reason  'Why  Westralians  Keep  Dull'  has 
doubtless  been  the  absurd  premiums  to  which  shares  were  rushed  ; 
as  is  always  the  case  during  a  "  boom  "  ;  the  developments  in  the 
mines  and  their  output  being  insufficient  at  the  time  to  warrant  the 
high  prices  they  reached.  Mr.  H.  C-  Hoover  points  out,*  however, 
that  there  has  been  a  remarkably  steady  growth  of  smaller  mines 
during  the  past  year  (many  of  them  being  owned  and  operated  by 
private  individuals)  which  are  too  small  for  English  company  opera- 
tions, and  this  is  a  most  significant  and  healthy  sign  of  progress. 

Ever  since  the  Creation  the  country  has  been  undergoing  change ; 
changes  in  its  geological  features,  charges  in  its  people,  and  in  recent 
times  in  its  mining  conditions,  Uws,  freight  rates,  etc. ;  but  it  is 
not  perhaps  too  much  to  hope  that  these  changes  (excepting  those 
that  make  for  improvement  and  progress)  will  soon  come  more  or 
less  to  an  end,  and  stability  will  take  the  place  of  change  ;  so  that 
mining  and  other  industries  can  settle  down  to  steady-going  business, 
instead  of  jumping  up  and  down  like  the  mercury  in  a  barometer. 
The  production  of  gold  in  1902  is  shown  in  Table  XXX.,  on  p.  61 2. 

The    Tables   that  follow  are   excerpt  from  Mining  Statistics 
(1900)  Department  of  Mines,  Western  Australia. 
*  '  Gold  Mining  in  ^Veslern  Australia,  igoz,'  Eng.  ami  Mining ymraai,  Jan.  i,  1903. 
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Gold  Alining  and  Milling 


The  tables  that  follow  are  excerpt  from  the  ^^r/ (preliminary) 
of  the  Department  of  Mines  of  Western  Australia  for  the  year 
1901. 

They  aiiTord  much  valuable  and  interesting  information. 


Table  No.  XXIV. 


I.  Western  AiuttiUti 

3.  Queensland 

3.  Vittoria 

4.  New  Soulh  Wale* 

5.  Tasmania    . 

i  Soulh  Australia 
and        Norther 
Territory. 

New  Guinea  t 

New  Zealand 


•.879,390 
835.553 


1,703.416  , 
598. 38* 


7.*3S.6S3 
z,Hi,892 


789,562  , 

73°.449 

3,i«,7S3 

167,061  i 

216,888 

931,282 

-    t    ' 

69,491 

■93,176 

'  4.918 

3.9ii| 

!l,946 
■8,03S| 

16,6131 

93,222 
76,609! 

9.188  1 

7,68s 

32.646 

«s.s«i  1 

4",87S 

1,753.783 

4."'3,8l4  [ 

3,761,13! 

iS.976.407 

45 -89 
15-91 
19-43 
577 
1-85 
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Showing  Average  Nvuber  of  Men  Employed  at  Gold  Mines  dueinc  1901, 
Classified  according  to  the  Several  Goldpields,  and  the  Propor- 
tion or  Men  Eufloved  ik  Each  Goldfield.* 


i 

P«™u«of.o..d 

GoWfield, 

1    Gt;UDd. 

Uiidfr 
Croodd. 

ToHl. 

oJ°^|^^ 

-i,h'.,«. 

1900.             19"- 

I.     Kimberley       .         . 

1         3 

3 

6 

04  1        -03 

I.     Pilbarr. 

80 

136 

206 

+    95 

66         1-23 

3.     Wesl  PilUtra. 

!         3 

2 

5 

-    47 

3'  !      -03 

4      A»hbo.loQ       . 

[    — 

— 

— 

— 

- 

— 

S.     Gascoyiie 

— 

— 

— 

— 

- 

1      — 

6.    Peek  Hill 

1    '" 

"71 

346 

-       8 

11        3-07 

7.     East  MuTchison 

434 

433 

856 

-     "7 

31            S" 

i  764 

784 

1.548 

+  107 

* 

60  1     9-a4 

9.     Yalgoo    .         .         . 

'    85 

88 

173 

-    53 

3S  1      I  03 

10.     Ml.  Mugaret  . 

1   87. 

'.*SS 

2,. 26 

+  »7S 

" 

os|     .3-69 

1    78S 

968 

1,753 

+  343 

OJ  1     10-46 

II.     Broad  Arrovf  . 

186 

223 

409 

-  »37 

86        3-44 

1 3.     Norlh-East  Coolgardie 

!    m 

459 

m 

-  108 

14  1       4'49 

14.     East  Cooleardie 

3.455 

3,858 

6.3'3 

+  4'o 

35 

35'     37-68 

15.     Cooleudte 

'      S69 

761 

1,330 

-  433 

10 

46  1       7-94 

16.     Yilgara 

172 

III 

394 

-  303 

* 

97  1      1-75 

17.    Dundas    . 

106 

290 

496 

-     30 

14,       =»-96 

iS.     Phillips  Rivei . 

23 

37 

60 

2 

35  1         36 

19.     Donajbrook    . 

36 

46 

8i 

» 

48           49 

Totals    . 

^  8,130 

8,625 

i6,7S5 

+      8 

.00 

00,10000 

•   E.«rpi  f, 


n  Ihc  Rtfon  (prcUnibury)  of 


11  of  Minn  For  ib*  yc 


The  fait  Coolgardie  goldfield  still  continues  to  mainlain  ■  large  proportion  of  Ihe 
labour  engaged  on  the  goldf.elds  of  the  State,  over  37  pet  cent,  of  tbe  men  employed  on 
gold-mines  during  1901  having  been  employed  on  that  field.  Substantial  incieasesin  the 
number  of  men  employed  appear  on  the  East  Coolgardie,  Mount  Margaret,  North  Coot- 
gardie,  and  the  Murchison  fields,  while  the  Coolgardie,  Broad  Arrow,  and  Vilgam  fields 
shov  corresponding  decreases. 
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in    Western   Australia. 


Table  No.  XXIX. 
THE  Gold   Exported  and   Received  at  the   Pekth   Branch 
OK  THE    Royal    Mint   during    1900   and   1901,    compared   with   thb 
Yields  Rkfurtkd  to  the  Mines  Department;  also  thk  Peecentagb 

OF   THE   LETTER    FOR   THE  several   GOLDFIELDS,  AND  THE   AVICRAGE   YiEI.D 

PER  Tun  of  Ore  Milled. 


I.  Kinberley 
3.   Pilbana 

3.  West  Pilbarra 

4.  Ashburton 

5.  Giscojme 

6.  Peak  Hill 

7.  East  MuTcbison 

8.  Uurchboii 

9.  Valgoo   . 

10.  MoQDl  Margkret 

11.  Nortb  Coolgardii 
13.   Broad  Arroir  . 

13.  Nortb-East  Cnolgatc 

14.  East  Coolgardi 

15.  Coolgardie 

16.  Vilgari)  , 

17.  Dundas  . 

18.  Phillips  River 

19.  DoonybriMk    , 

GoMfields  genecatl^ 

Totals  and  Averages 
Fine  Contenti 


Export. 

^Min.. 

.^. 



677 

663 

17.140 

.1,320 

7» 

481 

524 

64 

86 

26 

28.670 

M,6o7 

58,369 

77,604 

108,697 

144,694 

9.369 

9,198 

~ 141,523 

198,808 

106,193 

142,798 

47,861 

19,10s 

5>,i29 

50,557 

810,907 

1,033.670 

119,781 

88,601 

29,418 

a9,488 

40,687 

38.796 

266 

5 

7.931 

1,906 

1,580,950 

.879.391 

1,414.311 

,703,417 

90 

ao.2S5 
76,236 
146,592 

9,238 
190,032 
148,305 

34,675 
63,652 
991,369,  48-; 

84,754! 
26,5871 
37.084 

7>3 


26,572 
64,698 
105,722 

10,tO2 

145,689 
106,774 

5^.433 
70,746 
737,971 
iM.413 
29,155 
41,084 


,513,917-1,841 ,498|ic 


Pcr« 

3; 

^_ 

^ 

•04 

•OS 

■S6 

.06 

•01 

■1. 

■OS 

■76 

110 

*-27 

4-14 

S-98 

7.96 

■67 

■50 

j-6j 

10-32 

■05 

K-05 

■46 

(■88 

■67 

346 

■75 

53841 

■77 

4-60 

■93 

1-44 

■71 

201 

■04 

■03 
■00 

,»-„, 

*  Excerpt  froDi  Rrp&rt  (prelimUii 


In  comparing  the  oulpals  of  the  various  fields,  the  figures  given  under  the  heading  of 
"Reported  Yield"  should  as  a  general  rate  be  taken.     Most  of  the  gold  produced  finds 
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Gold  Mining  and  Milling 


its  w&y  la  the  Mint,  or  ia  exported  from  (he  State,  and  Ihui  the  result  of  the  addition  of 
the  Mint  and  Customs  returns  can  be  taken  to  be  the  total  piodnclioa  of  the  Slate. 

The  large  discrepancy  between  the  Export  and  the  Mint  figures  (or  the  East 
Coolgaidie  Goldfield  is  accounted  for,  to  a  great  extent,  by  the  (act  of  a  good  deal  of  ore 
from  outlying  centrci  being  treated  al  Kalgoorlie,  the  resulting  gold  being  banked  there 
and  entered  for  export  as  being  the  product  of  that  centre. 

The  East  Cooigardie  Goldfield  is  still  responsible  for  more  than  ha,1f  the  total  yield  of 
the  Slate,  il  having  produced  nearly  54  per  cent,  of  the  total  reported  yield.  The  Mount 
Margaret  Goldfield  again  lakes  second  place  with  a  yield  of  190,032  oz.,  which  shows  an 
increase  of  aliout  30  per  cent,  as  compared  with  the  previous  year,  and  represents  slightly 
over  10  per  cent,  of  the  total  output  of  the  Sute.  The  North  Cooigardie  and  the  Mur- 
chiion  Goldhelds  follow  with  yields  of  148,305  oz.  and  146,591  01.  respectively,  which 
■hows  the  substantial  increase  of  39  per  cent  in  each  case,  as  compared  with  the  previous 

It  cannot  but  be  regarded  as  satirfactory  that  Ibc  average  return  per  ton  of  Ore  milled 
has  been  maintained  during  the  year.  Decreases  in  the  average  appear  in  the  Mount 
Margaret  and  several  of  the  other  goldlielda,  while  in  othert,  such  as  the  North  Cooigardie 
and  the  Murchison,  the  average  has  improved. 


Table  No.  XXX. 


,a  SHOWING   Quantity  and  Value  ( 

STATB   in    1903,    BNTEKED    MONTHLY 

Royal  Mint,  Perth  ;  compiled  by 

TO  THE  GOVERKMBNT  GA2BTTE,  JANU^ 

FOK   December,  estimating  the  V 

3/.   I3t.   PER  Oz. 


FROM  THE   SUPPLBMRNT 
D  THB  CABLED    RETURN 

t  LATTEK    Bullion    at 


Mm^'''    '. 

January  1  to  Ma 

May  .         ! 
June  .         . 

January  I  to  Juii 
July  . 

September  . 


|6»,I59  03 
152,692  56 
177,505-60 

498. 357' "9 
'83.53'  34 
i&4,a26-34 
!89,6ao-5i 

1.035. 735'38 
184,127-67 
'87.97' -ss 
188.167-63 

1,596.102-23 
194.387-42 

197.197-03 
•189,755,00 


599.916  14  < 
546.434  'O  ■ 
638,348  1 

1.784,699  7 
656,848  4  : 
593,060  14  , 
681,717  14  i< 

3,716,316  I  I 
661.357  3  ' 
671,493  10  1 
669,411  1  i. 
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DUKIHG    1900   AND    1901. 


Goldtlrid. 

District. 

...:.; 

CdW. 

Uiiirici. 

OoM(!=ld. 

s    i  ■   ■ 

1 

Klbarr.  .         ,          .         .  j 

MarbiE  Bar. 

Nullagine   .        . 

fs 

!  37 

Ashbartoo 
Gajcoyne 

' 

"7 

54 

.  188 

17 
}U7    1 

U..I 
)     1 

47 
j.j 

SO 
!.76| 

30 

46 

3 

53 

47 
"7 

73 

S 

58 

72 

61 

35 

5' 

'7 

96 

62 

S5 
189 
•4 

I. 

IP 

70 

64 

)    .5S 

( 
Murchison                           . -j 

Cue    . 

Nannine      . 
Day  Dawn  . 
Mt.  Maf^et 

63 

39 
66 

North  Coolea'dic      . 

Mt.  Malcolm 
Mt.  MaiBaret 
Meiuies 
Ularring      . 
Niagara 
Yerilla 

% 

43 
40 

Norlh-Ea.,t  Coolgardie       .  j 

kanowna    . 
Kuma!pi     : 

\\ 

Coolga'die 

Coolgardie  . 

97 
79 

45 

1      ■       - 

1079 

1049 

1 

•  Ei«rpl  (rr 


^,jtoWCPr.li 


ury)  of  ihc  DcpaitOK 


It  will  be  seen  fiom  the  above  tables  that  the  decrease  or  30  in  the  number  of  prodac- 
ing  mines  is  principally  accounted  for  by  the  closing  of  32  mines  on  the  guldflelds  from 
Peik  Hill  northwards ;  the  only  other  noticeable  decreases  in  the  producing  miaes  occur 
in  tbe  Broad  Arrow  Goldlield  and  in  the  KunanaUing  district  of  the  Coolgardic  Goldfield. 
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GENERAL     INDEX. 


—  table  of  deathi  from,  597 
AceUtc  of  lead,  me  in  cfsuidinf,  156 
Acid  eruptive  rocks,  55 

AeHal  condenicri,  117 
Age  of  Kalgoorile  rocks,  81 

—  ofdepoEiti,  15-niite,  47 

AgilitioQ  Ta'E,  Ivuihje  su'phide  procMt, 

398 
AgilRlon.     Sti  Cyaniding 

—  capadly    and     dimension*    at    Lake 

View  CoQioIt,  380 

—  Ivanboe,  iSo 

Air  compressors,  170 

Auociated  Gold  Mine,  170 

Great  Boulder,  171 

Ivanhoe,  171 

Lake  Vicnv  Coniol*,  171 

North  Boulder,  171 

—  Ufts,  356 

—  pressure,  171 

—  lepantOTi,  141 
-winches,  171 
AUovial  claim;,  480 

—  deposits  ai  Kjuijootlie,  64 

derivation  ol  eold  in,  31 

distiibutiou  of  gold  in,  31 

—  difficulties  as   lo  ti.U,  sctilementof, 

«** 

—  disputed  legal  claimt,  487 

—  legal  definition  of,  487 

—  prospecting  areas,  481 

—  returns  from  various  Kold-fields,  1900, 

6qi 

—  prospectinR  reward  claim,  481 

—  working,  Coolganlie,  31 
Alutnina  in  Kalgoorlie  ore,  293 
Amalgam,  finely  divided,  3S6 
Amalgamating  pans,  241 
Amalgamation  tables,  grade,  etc.,  13S 

—  affected  by  grease,  184 

—  chuck  blocks,  231 

—  effect  of  salt  water  00,  133 

—  of  iaieresis,  <oi 
Amortiialion  of  capital,  499 
Amphibolite  at  KaJgoorlie,  79 

—  dyke  in  Hannan's  Brown  Hill,  72 


Amphibolite  dyke  in  Ivunboe,  71 

—  dykes  at  Katgoortie,  73 

—  rocks,  Coolgardie,  39 
Anatyiis  by  A.  Camot,  104,  io6 

—  by  A.  C.  Clauiiet,  loi,  106,  107 

—  by  Dana,  104 

—  ty  A.  Frenicl,  104 

—  l^  Gentb,  104,  105 

—  by  F.  W.  Grace,  107 

—  by  Dr.  Helms,  too 

—  by  W.  F.  HiWebrand,  105 

—  by  P,  Kreusch,  104,  105,  107 

—  by  J.  C.  H.  Mingayc,  105,  106 

—  1>y  R.  Peaice,  104 

—  In^  E.  Simpson,  102,  105,  106 

—  of  brownitone,  218 

Analjses,  Kalgoorlie  sulphide  ore,  bulk 

—  of  oxidised  ore.  Great  Boulder,  Zl8 

—  sizing,  of  Griffin  mill  product,  346 

—  typiCil,  of  sulphide  ore,  Kalgoorlie, 

298,  309 

Andcsites,  Coolgardie,  30 
Anodes,  Rieckeii  proccs-i,  339 
Antimony  sulphide,  Kalgoorlie,  103 

—  in  Kiigoorlie  ore,  295 
Apron  plates,  electroplated,  232 
Arbitration,  cost  or,  465 
Aiboreseenl  gold,  62 
Archxan  gneiss,  73 

Area  of  gold-fields,  631 
Arjjairs  cylinder  cooler,  427 

—  furnace,  results  in  Colorado,  419 

—  ore -cooler,  300 
Artesian  welJa,  13J 
Asbolite  in  "pug,"  61,  103 
Ashburton  gold-fields.     See  Tables 
Assay  averages,  computation  of,  430 

—  filter-press  cakes,  400 

Assaying,  precaution  in  taking  sample*. 

Associated    Gold     Mines     of    Western 
Australia,  Ltd.,  565 

air  compressor^  170 

amalgamating  and  filter  preEtiog 
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Associaled    Gold    Mines,    issayi    and 

malj-sei,  573 
assayi  and  experimental  le>U, 

aisets,  March  31,  igpa,  569 

capacity  of  worlu,  575 

cost  of  haulage,  161 

cyanide  trestment,  239 

decomposiog  effect  of  wit  water 

00  solulloni,  311 

depth  of  varioui  levels,  574 

developiDenls  in,  573 

discovery  in>  Ijl 

dividends,  569 

— » acd  production,  1900-1, 600, 

61S 
early    treatment,    method    of, 

303.304 

iienenkl  description  of,  565 

Howell,  whit-  dryers,  304 

longitudinal  seclion',  567 

method  of  (reatmeat,  303 

oxidised  mill,  239 

(new)  sulphide  plant,  addition 

to,  306 
(new  and  old)  sulphide  Works, 

304,  30s 
new  snlphide   plant,   rcsulld  of 

Ireatmenl  in,  306 
No.  3  cross  lode,  discovei;  of, 

S7» 

ore  reserves,  569,  575 

original  company,  565 

output  and  yield  of  gold,  569 

■ percentage  of  extraciion,  575 

plan,  566 

principal  formationi,  571 

recent   developnicnls  in,    573- 

S75 
ledactioa   m    worlting    cosls, 

RoUns  conveyor,  306 

Kopp  fainaces,  303 

sloping  costs,  sab 

table  of   leseives,  production, 

etc.,  S<H-505 

—  total  production,  575 

transverse  section,  568 

— ■ winding  plant  at,  160 

.    See  Tsblcj,  cost,  etc. 

Associated  minerals  wilh  gold,  3S 
Associated  Norttcrn  Blocks,  Lid.,  510 
dividends      and     production, 

1900-1.  6c9,  615 
Auriferous  roolij,  non-sedimenlary,  61 
Australia  mine,  Kalgoorlie,  new  tclluride 

in,  107 
Anstralian  Workers'  Association,  465 

Bags,  cost  of,  296 

Ball  mills,  239,  340,  242 

capacity  and  wear  and  tear,  247, 


Ball  mills,  cost  of  renewals,  347 

duty,  147 

Hannan's  Star,  369,  370 

oniput  per  diem,  247 

speed  of,  247 

wear  and  tear,  147,  248 

Banded  Etruclure  of  dyko,  29 
Barnard  cooling  tower,  233 
Bams  sones,  83,  520 

—  —  Kalgooilie,  90 
Battler  Lease,  48 

Bayley's  United  Gold  Mines  Co.,  Ltd.. 

coiti  and  returns,  474 

dividends,  40 

and  production,    1900-1,  6:9, 

61S 

mme,  output,  39 

Iteaurorl's  wind  scale,  16 

Bedrock,  auriferous,  at  Kanowia,  6r 

—  nature  of,  at  15  mile,  46 

Belie  of  Baker  mine,  Catifomia,  109 
Bellevue  Consolidated,  production,  1900- 

Belt  conveyer   for  dumping   tailinn, 

348 
Benlan  pans,  219 
fiiolite-granile,  25-niile,  47 
Bismuth  in  K>l,:ooTlie  ore,  295 
Black  Prince  mine,  copper  in,  38 
Black  sand  in  tailings,  251 
Blanket  tab'es,  grjde  of,  221 
Blanlon  cans,  335 
Blasting  gelatin,  cost,  177 
Bleichert  aerial  tramways,  353 
Blind  lodes,  Kalgoo'tie,  85,  153 
Jllock  49,  water  supply  at,  I22 
Board  and  lodging,  cost  of,  463 
Boards,  cost  of,  17S 
Bobby  Daiiler  nugget,  5 
Boilers,  Babcock  and  W  ilcox,  171 

—  (fficiency   impiired    by  wood   fuel, 

250 

—  feed  water  fillration,  ijo 

—  Heine  water-tube,  349 

—  water- tube,  161,  350 
Boreholes,  deflection  of,  155 

—  Tarqu^,  IS4 
Boring,  cost  of^  155 

■ by  compre^ed  air,  156 

by  electric  power,  156 

—  — -by  steam  power,  155 

—  speed  of,  156 

—  Sullivan  dull,  156 

Boulder  County,  Colorado,  expeiimrats 
on  lelluride,  310 

—  group  of  mines,  14S 

Bculder  Main  Reef.     Set  Great  BoDlder 

Main  Reef 
process,  Associated  experiments 

on  sulphide  ores,  342 
consumpiion  of  cyanide  in, 

340-34' 
costs  of,  321,  323,  34r,  344, 
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Boald«t  Main  Reef  process,  double  fUtct 
'  ■  els  of,  328 

'    poor   touting  in. 


350 


-  necciiitjr  of  line    grinding, 

—  objects  of  grinding,  319 

practical  application  of,  314 

principles  of,  324 

soluble  sails,  effect  on,  310 

strong  points  of,  310, 3B5 

wmmary  oftesulta,  34»-34S 

weak  points  of,  324 

Bootdei  mine<,  siCualicn,  6S,  83 
Box-lined  ahafU,  168 
Break-o'-DjL^,  production,  1900-1,  615 
Bromo-cjraniile,  343 

—  aclioD  on  loasled  and  nnioaated  ore, 

318 

—  coDsumplton  of  in  Diehl  process  373 

—  effect  otiron  on,  34S 

—  experimeiit*  with,  316 

—  malcii^  up  solution.  Lake  View  Diebl 

nSIl.  3IS1 

—  tiseof,  317 
Bridmnii  sampler,  iSS 

Ilriti^  owned   VVestrjlian    minet,   per- 
centage of  gold  returned,  5S4 

—  —  yield,  December  1899,  584 

Broad  Arrow  Gold-Field.    .^et  Tables 
Brown  coal  at  Coolgardie,  10 
Brown  Horseshoe  furnace,  418 
Jlron-nhill  air  separators,  243 

—  bill  mills,  143 

—  costof  roiiling,  344 
~  IMehl  mill,  366 

consumption  of  chemicals,  367 

description  of  plant,  366 

extraction  and  costi,  368,  36J 

gold  in  dust,  367 

results  of  early  trials,  368 

slimes,  agitation  of,  367 

sulphide  slimes,  366 

testing  samples,  367 

treatment  of  concentrates,  367 

value  of  residues,  367 

BroWBhill  Extended,  510 

—  (Honnan's)  con-Jensers  at,  I3S 

—  ore  treated  at  Hannan's  Star,  376 
— .      Ste  Hannan's  Brownhill 
Brownstone,  analysis  of,  ziS 

—  Kalgoorlie,  S5 

characteristics,  93 

composition,  96 

—  nature  of,  affects  milling,  3lS 
of  gold  in,  93 

Bmnton  sampler,  iSS 
Biichner  vacuum  filter,  367 
~)ulone,  Hocan' 


Bullion,  assaying  and  refining  cliarges, 
468 

—  base,  locally  produced,  404 

—  coiaing  chaises,  468 

—  comparative  cost  of  disposal  in  Loadon 

or  Penh,  466-467 

—  cost  of  diiposal,  466 

—  exceptionJly  fine,  386 

—  increase  of  silver  in,  18^  291 

—  police  escort,  467 

rates,  468,  46^ 

—  regulations    regarding    cotltignment, 

467 

—  reporting  as  tine  gold,  499 

—  valuation  of,  470 

—  West  Anstraliap,  dlEftrent  values  of, 

287 
BuIoDg  district  gild  production  1900-1, 
603,  613 

—  nnggets  al,  63 

Barbanki  Birthday  Gift,  dividends,  40 

and  prodnction  igos-l,  609, 

615 


Cagks,  168 

Calaverite     (Kalgoorlie)     and     Crippla 
Creek,  analyses  of,  105 

—  associated  with  colcile,  Kalgoorlie,  98, 

lot 

fluorlte,  94 

magncsite,  94 

—  —  —  roscoelite,  log 

Calcite   associated  wiib  cilaverite,  98^ 
104 

—  in  Kalgoorlie  ore-bodies,  98 

—  nodules  in  "  Pug,"  67 
Calcium  sulphate,  solubility  of,  331 
Califbmian  deep  leads,   compared  with 

cement  deposits,  51 
Cimel,  load  of,  448 
Candles,  eonsumplion  in  North  Boulder, 

18S 
per  man  in  levels  and  stope*,  iSj 

—  steaclne  and  composite,  185 

—  underground,  184 

Cane  Grass  Valley  Work*,  136 
Capital  charges,  588 
Carl)onaie  of  lime  in  Kalgoorlie  ore,  193 
Cartxinates,    effects    on   cyaoiding    and 

chloriualing,  294 
Carbons,  cost  of,  155 
Cathode,  mercury,  387 
Gaunter  lode,  151 
Cement  and  banket  compared,  43 

—  al  Coolgardie,  3% 

—  at  3S-mile,  nature  of,  46 

—  capping  reefs,  63 

—  deposits    compared  with  Califomian 

deep  leads,  53 

at  Kalgoorlie,  66 

Kanowna,  41 

2   S   2 
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Cement  deponts,  Kinlore,  44,  45 

of  Kunanalling,  41,  42 

oriKin  and  cbirscter  of  old,  Si,  51 

Central  plateaa  geological  fntuie'',  507, 
5>4 

Cbamber  at  Mines  of  Westrm  Auitistis, 
analfsii  of  gold  prodnction  and 
dividends,  Kalgootlie,  514-517 

Chilian  mitla,  199 


Chlotirution,  cost  at  Cripple  Creek,  393 
•-  at  Mount  Morgan,  extraction  and  cost 

—  effect  of  dolomite,  294 

—  plan*.  Miller's,  340 
Chlorite  1  colouring  agent,  78 
Claimi,  alluvial,  4£> 

—  arotlgamalioa  of|  483 

—  dual  title,  4S7 

—  laboiir  condirions  in,  4S4 

—  pegging,  survey,  etc.,  486 

—  quartz,  483 

Clarification,  agency  of  water,  19 
Classifier,  Kruop  Treble,  380 
Classifiers,  Golden   Hoisuhoe  Sulphide 

Works,  40s 
"CUypao,"8,  70,  118 
"Cleanup,"  difficulty,  298 
Coal,   consumption    on    tjoulh    African 

tailB^ys,  444 

—  coal  in  Colorado,  434 

—  Kalgoorlie,  coat  compared  with  cord- 

wood,  423 

efBciency    compared     with    cord- 
wood,  421,  423 

Newcastle  and  Collie,  cost  of,  336 

—  —  powdered,  used  as  fuel,  4JI 


Colorado,  emoTphoas  goM,  94 

—  co>t  of  crushing  and  sampling,  416 

—  John  Jay  mine,  104 

—  Melvina  mine,  94 

—  Vulcan  mine,  104 
Coloradoile,  105 

—  line  boxei,  mercury  in,  3S5 
Coloration  of  rocks,  Kalgoortie,  74 
Colour  of  rock,  due  to  chlorite,  78 
'Columbia  Mine,  Oregon,  109 
Comet  crushers,  304 
Commercial  Mill,  Utah,  as6 
Commonwealth  lanfT,  495 
Comparative   production  of   Rand  and 

Western  Australia,  6 
Composite  veins,  81 
ConcenlnUei,  cost  of  treatment,  Hannan's 

Brownhill,  438 

(Ivanhoe),  395 

Lake  View,  519,  533 


Concentrates,  percentage  recovered,  381 

—  roasted,  treatment  of,  ^67 

—  sulphide  in  roasted,  367 

— '  treatment  of,  Ivanhre,  400 
Concentration,   17,   312,  31J,  315,  317, 
370,  m.  407.  4".  4*9 

—  application  in  Diehl  procesa,  373 

—  at  Hannan  Star  sulphide  mill,  370 

—  difficulty  with  telluride,  313,  317 

—  effect  on  cyanide  Ireatment,  315,  419 
chlorination,  315 

—  eiperimeots,  312,  313 

—  importance  of,  407,  419 

—  of  material  by  wind,  17 

—  separation  of    oil   and  concentraln, 

411 
Condeiuers,  127 

—  Pape-Henneberg  system,  135 

—  vacsam,  134,  I61 
Cone  separator,  416 

Consolidated     Gold    Fields    of    South 
Africa,   distribution   of   cost  at, 
461 
Consnltin|;  engineers,  501 

periodic  inspections,  502 

Contract  price,  shaft  sinking,  166 
Cooke,  Montana,  characteristics  of  gold 

Coogee  Lease,  48 
••Coolers,"  wBler,  138,  130 

—  ore,  Atgall,  ya 
difficulties  with,  417 

reduction  of  temperature  in,  43S 

Coolgardie,  allavial  workings,  31 

—  andesites,  30 

—  brown  coal  at,  to 

—  "cement  "  at,  28 

—  compini^'  dividends,  40 

—  copper  at,  38 

—  diorilts,  ip,  78 

—  discovery  of  g  >ld  at,  I 

—  district,  24 

go'd    prodaclion,     1900-1,    602, 

613 

—  dolomite,  39 

—  dykes,  35 

—  galena,  3S 

—  general  geological  features,  25 

—  gold  deposits,  31 

—  gold-field.     5(v  Tables 
rctur^^  40 

—  granite  dykes,  28 

—  granites,  z8 

—  homblendic  rocks,  30! 

—  ironstone  gravel  deposits,  37 

—  lode  formations,  36 
^-  metamorpbic  rocks,  33 

—  meteorolc^cal  conditions,  10,  iz 

—  minerals  associated  with  gold,  3S 

—  molybdenite,  38 

—  pipe-line,  139 

cost  of  water,  143 

table  of  particulars,  144 

—  qoarti  reefc,  37 
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Cuo1gaidi«,  recent  inperficjal  ilepssitt,  z6 

—  Ecbeelite,  38 

—  schists  and  amphlbole  rocks,  29 

—  atockweiks,  36 

—  sedimentary  fonnationi,  73 

—  service  reser»oii,  130 

—  tfllcose  rocks,  30 

—  topography,  24 

—  underlying  rocks,  iS 

—  vanadiniie,  l8 

—  yield  of  Govemnient  well,  I2Z 

—  line  blende,  3S 
CoolgwdiiE,  1 06 

4^0-operation  aTnongst  comjianLs,  477 

—  BDionnt  manacers,  477 
Coaling  flooit,  LAke  View,  300 

—  hearth.  4J7 
Copper  at  Coolgudie,  3S 

—  canset  Idu  in  cyanidine,  jt J 

—  ore*,  treatmiDt  by  oil  proce**,  410 
Cordwood,  cords  burnt  per  horae-powcr, 

411 

—  cost  at  Kalgporlie,  433 
compared  with  cool,  4IZ 

—  —  per  ton,  412 

—  efficiency   compared  with   coal,  421, 

421 

—  price  at  Kalgoorlie,  421 

—  quality  of,  at  Kal|;ootlie,  43t 
■Cosmopolitan  Troprietary  Gold  Mining 

Co.,    Ltd.,    dividend!   and    pro- 
duction, 1900-r,  609,  614 
Cost  shecti,  198,  476,  477 
Costs,  18^1901.     Jiv  Tables 

—  1901.     See  Description  of  Proprrtiei 

and  Sulphide  Pbnts 

—  aSeited  by  nature  of  ore,  213 

• —  estimates,  how  aflecied  by  mode   of 
calculation,  211 

—  mining,   average  on   different   lields, 

—  average  rate*  of  wap*  in  Wettralian 

mining   districts   and    coalfield^ 
1S99-1901,  60S 

—  bagging  ore,  196 


Golden  Horseshoe,  441 

IvRoboe,  439 

—  Bayley's  United  Gold  Mines,  474 

—  board  and  ludging,  463 

—  boards,  178 


—  carbons,  155 

—  carriage  of  golit,  469 

—  charges  written  off  in 


—  co.d  in  Colon 


irgan,  * 


Costs,   concenlra1e«,    treatment   oT,  at 
Lake  View,  jSi,  382 

—  cortcentratei,   treaiment  at   iToniioe, 

39S.  *»      . 

—  lOmpressed  ait  m  bcring,  156 

—  cost  sheets,  198 

—  cyanide,  Kalgoorlie,  357 

in  South  Afiica,  per  01.  of  gold, 

417 

—  cj'anidiog,  charging  and  discharging 

vau,326 

—  dstonatord,  Kalgoorlie,  178 

—  (tevctopment,  189,  195 

North  Boulder,  1898-9,  199 

charges  increase  with  depth,  113    - 

per  culiic  foot  broken,  199    ■ 

—  Diehl    process,    365,  3(9,  37S>  38't 

38*.  437.  S»3 

—  di-po.-al  of  bullion,  466 

—  double  Slier  pressing,  yit 

—  diiving,  labour  percenuge   177 

—  driving  levels,  17J,  174 

—  dry  crosliing,  Mt.  Morgan,  345 

—  East  Mnrctuson  United,  474 
1S97,  204 

—  effect    of    output    on    development 

charges,  196,  500 

—  electric  ughling,  Ivsnhoe,  215 
powtt  in  b<.ring,  156 

—  explosives  in  Kalgoorlie,  177,  454 
in  South  Africa,  177,  454 

—  filter-pressing,  single,  313 

—  filter  doth,  154 

—  Frnser's  Gold  Mining  Co.   473 
■ — iuic,  Kalgoorlie,  178 

—  general  minirig  (1S98).  195  i  ("893). 

197;  (19001,210-211 

—  Gilmour-Voung  process,  415 

—  GrifEn  milli,  crushing  with,  248 

—  I  lannan's  Oroya,  475 

—  of  haulage,  Associated,  l6t 

—  Huntington  mill*,  221,  222 

—  Ivanhoe,  old  and  new  mills,  439 

~  Lake  View,  treatment  of  concentratei, 

SI9.   S3J 

—  lighting  on  Kand,  185 

—  I'Vilfi.  463 

—  mercury  per  ton  in  milling,  327 
~  milling,  Brownhlil,  344 
Ivanhoe,  3x8 

Nor.h  Uoulder,  33; 

lake  View  oxidised  ore,  table  of, 

224 

—  mining  (itoping),  19S,   197.  199-K*. 

210-111,  616 
treatment   and   development,    sul- 
phide, s88' 

—  monthly  expenditure  on  supplies,  496 

—  Mulga,  17a 

—  Newcastle  and  Collie  coal,  336 

—  North  Boulder  Gold  Mines,  475 

—  NoTsemaD  Gold  Mines,  475 

—  ocean  freight*,  45' 
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Costs,  oit  proceii,  411,  414 
residuum  in  Coloiado,  414 

—  ore  bTcskinc,  3^8 

—  oxidised    sUmei    trealment,    Golden 

Hoiseshoe,  386,  443 

—  —  Ivonhoc,  281,  440 

Ijle  View,  376 

—  plant,   machiaery  and   derclopnienl, 

589,590 

—  plaU,  169 

—  poner  for  cjanidc  norki,  54; 

Hannan's  Siar,  374-375 

Lake  View,  513 

Set  various  Tables  tA  C<  (ts 

—  proi»,  178 

—  piovitioDi,  463 

—  reason  for  variation  in  mining,   3o8, 

»9 

—  TelatiTc    distribution    oF,    in    South 

Afiica    and    Western   Auatraiia, 

—  roastine.  Cripple  Creek,  agi 

Great  Boulder  Main  Reef,  3*6 

Ivanhoe  sulphide  plant,  400-4OI 

Kslgoorlie,  418 

sbait  rumace,  330 

—  rolls,  ciushing  per  Inn,  347 

—  sampling    and    ciushing,    Colorado, 


—  t«lids  treatment.   Golden 

Estates,  441 

—  screening  tailings,  367 

—  shaft  sinking.  East  MurcblKiti,  (67 
:  aj  Meniies,  167 

in  South  Africa  and   Que<nt- 

land,  166 

—  shipping  and  smelling  sa'pbidc  ore, 

—  steam  power  m  bonng,  150 

—  slopine,  AsMciated,  306 

Great  Boulder,  206-107 

Great  Bouldei  Main  Keef,  305 

Great  Boulder  PecscTrrance,  313 

Golden  Honesbor,  *o6 

Hannan'i  Oroja,  106 

Ivanhoe,  306 

Kalgoorlie  Mine,  20S 

Lake  View  Consols,  205 

—  sulphide  tmlment.  Associated,  305 

Great  Boulder  Main  Ke-f,  344 

Hannan's  Star,  375 

Lake  View,  301,  302,  379 

South  Kal^ooilie,  393 

works  (old).  Gnat  Boulder  Main 

Reef,  33s,  3J6    . 

Grot  Boulder  Perseverance,  352 

Kalgooilie,  358 

—  suipho-teliur^de  treatment,  Associated, 
433 


Costs,  sulpbo-telluride  treatment,  Han* 

nan^s  Brownbill,  437,  438 
—  supplementary  latdes  of,   431- 


kalgoorlie,  1898-1901,  4S4 

Kalgoorlie  and  South  Africa  com- 
pared, 454 

■-  table  of,  at  Kalgooriie,  1900,  at  seven 
leading  mines,  210,  3II 

Bt    North    Boulder,    1898- 1899, 


197 

—  tulings    treatment.    Great     Boulder, 

372,  173 

Ivanho*,  379 

1901,  440 

Noith  Boulder,  371 

—  timbering  and  illling  slopes,  l83 

—  Tindall's  mine,  475 

—  transport  by  csmel,  448 

-by  waggon,  44S 

of  ore,  etc,  445-450 

'  trucking,  183 


II  factors  affecting  stoping,  II3, 


f,46a 

rate  on  Kand   in  frvducing  mt'iu^ 

463 

—  winding  plant,  163 

—  zinc  discs,  355 

Country  rock,  iireat  Boulder,  analysis  of, 

(Kalgoorlie),  laleta]  impregnatiot» 

of,  95.  96.  ?8 

minerals  in,  76 

variations  in,  77 

Craiggiemore  PioprietHiy,  Ltd.,'  pro- 
duction in  1900-1,  614 

Cripple  Cretk  and  Kalgoorlie  output 
compared,  394 

—  — -  cblorination  at,  eosls,  293 
discover;  of,  1 1 4 

dust  collection  at,  34S 

Gold  King  vein,  94 

—  —  krcnnerite  at,  94 

^  —  mixture  of  ore  for  roasting,  416 

Moon  Anchor  mine,  104 

mustard  gold,  94 

ore,  alumina  in,  393 

composition  of,  393 

~  —  ores,  cjFauiding  and  cblorination 
compared,  394 

phonolite  dykes,  114 

roasting,  coil,  292 

— ■  —  roasting  practice  at,  415 

sulphur  contents  of  ore,  393^  agj 
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Cripp'.e  Cieek,  sulphnr  in  ore,  peteeo- 
laee  or,  417 

percentage  ifler  roaslirg,  4IJ 

Cr<eius  Proprietary,  152 

—  South  United,  gold  tX  rarrace,  18 
Crou-cnltiog,    impjrluice   of,  S3,  151, 

Cross  councs  (KalgoorUe),  87 
Cnuhing,    oil  pioccis,  fiueacsi   of   le- 

ductlon  necessaty,  413 
CrjrsUllioe  gold,  loS 
Cue    district,  gold  produclion,  1900-1, 

601,  613 
CumlierlaDl  Niagara  Gold  Mines,  Ltd., 

.  produclion,  I930'l,  614 
Cap.lU'.ioi  furnace,  403 
Carrey  and  Party's  clum,  Ksnowna,  56 
Cyanide  Imllirin,  fineness,  Great  Boulder, 

^^^ 

—  coniumplion  of,  a66,  3*3 
Great  Boulder,  273 

—  percolation  IreitTnenl,  IJJ 

—  Tctunu,  table  of,  at  teadin  j  Kalgoorlie 

mine*,  1897-1901,  580 

—  solution,  effecl  of  salt  water  on,  133 

—  works,  COM  of  power  for,  545 
CvANiDiNC,  accelerators,  use  of,  356, 

3"6 

—  Bjetate  of  lead,  use  of,  356 

-^  agiulioDAiu)  percolation,  eiperineols 
in,  319-311 

—  agitatore,  33* 

—  air,  effect  on  extrac'ion,  316 

—  air  under  pressure,  tfS.-ii.  in  dissolving 

cold,  361 

—  alkdinity  of  tolutioni,  in  linc  boxes, 

417    , 


3** 

—  bottle  Utts,  315 

—  bromo-craoide,  action  on  roasted  and 

unrousled  ore,  31S,  319 

of  lellurides  on,  364 

experiments  with,  31$ 

—  ■ —  reactions  of,  360,  361 

—  carbonates  in  ore,  effect  of,  394 

-^  caustic  soda  and  lime,  use  of,  com' 
pired,  2S5,  356 

—  chloro-cj^anide,  361 

—  coarse  giild,  efitct  on,  309 
^-  copper,  loss  caused  by,  31$ 

—  cost  of  charging  and  discharging  vats, 

—  cost  of  cyanide  per  m.  of  gold,  417 

—  cynnide  consumption  of,  313 
cost  oU  357 

—  decantation,  objections  to,  tte 

—  decomposition  of  solutions,  13I 

—  difficulty  in  cleanineup,  298 

—  discharge  doors,  370 

—  early  leaching  difficu'lie*,  K^lgjoilie, 

340 


CVANIDING,  effect  of  bad  rootling,  415 
of  cyanide    in    return    water    00 

amalgimalion,  384 

of  fine  pulverisation,  310 

aid  importuce  of  preliminary  con- 

eentraiioo,  291,  310,  315,  439 
of  richness  of  gold   solutions  on 

precipitation.  312 

of  sulphates  in  roaited  ore,  435 

on  copper  plates,  385 

—  eipeiim:n».  315,  330-331 

—  extmclion  and  cost  at  Ass^iated,  339, 

—  extractor  boxes,  vrosl  f^lr,  154 

—  factor*  in  9aencing  extraciiun,  31 S 

—  filter  cloths,  35* 
pressing  257 

—  fine  gold  not  alirays  soluble,  3;; 
— '  —  grinding,  importance  of,  316 
needful,  315 

—  foul  solutions,  2j6 

—  gnlJ  enclosed  in   gaague,  effect  of^ 

310 

—  - —  s.imes,  diRicDtiies  in  treatment,  364. 

—  grinding,  effict  on  extiaclion,  319 
object  of  preliminary,  319 

—  h)drate!^  effect  on,  323,  336 

—  impurities,  accumolaiion  in  lolntion. 


-  Kcndeil'j  process,  356 

-  leaching,  effect  of  lime  ir 

-  lead  salt,  use  of,  315 


-  efftct 


solutio: 


'.25^ 


,3" 


—  lots  caosed  by  impure  lime,  255 

—  lime,  use  of,  255 

—  making  Dp  solutions,  371 
■ Diehl  pro:ess,  381 

—  muiganeie,  elTecl  of  compounds  0$ 

—  melting  furnace,  257 

—  mercury  dissolved  by  solutions,  3S4' 
'—  mill  lolulions,  consumption  of  cyanide 

—  minerals,  influence  of  an  admixinre  of, 

3  to 

—  mixet,  331 

—  nascent  oxygen,  effect  o'',  256 

—  objeclionab^  compounds,  removal  tt, 

318 

—  ore,  efTert  of  schistose  charider,  194 

—  oxidants,  action  of,  360 

^  peculiar  difficulty  enconnlered,  333 

—  percolation,  difBculties  with,  333 

—  phenolphtholeia,  417 

—  plant.  Lake  View  South,  2j8 

—  potassium  ferri-cyanide,  action  of,  360 
feiro-cjanide,  formation  of,  36a 

—  precipitate*,  Iteatment  of,  357 

—  precipitation,  etttniiat  conditions,  31 

—  roasted  telluride  ores,  Colorado,  311 

—  T03::ting  and  sliming  applied  to  rich 

ores,  319 
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CvANIDiNG,  stlts  in  water,  ribct  of  on 
solution,  3ZI 

—  Ecleoides,  tffect  or,  319 

—  shatinfia,  appeaicDcc  of  in  lioe  boxes, 

3" 
iptce  occupied  ia  zinc  boxes,  311 

—  stimes,  experimenli,  1(2 

—  sodium  dioxide,  use  of,  256 
sulphide,  use  of,  256 

—  solable  cyaniddes,  removil  of,  313 

—  spitikast   coDccDintcs,  tnUmenl  in 

South  Afrio,  315 

—  strength  of  solution,  266,  267 

—  itTong  solulion,  preparation  of,  36} 

—  sump*,  fool  Ttlves  of,  270 

—  sump  iolulion<i,  impurities  in,  156 

—  sun  drying,  267 

—  sulphide  or««,  slimiog,  394 

—  sulphuric  icid  tretumeDt,  atlTantage 

of,  aS7 

—  tiilmgs,  neutralising  acidity,  251 
treatment  Golden  Horseshoe,  283- 

aS6 

—  tellurium,  effect  of,  316 

elimination  of  from  working  solu- 
lion, 318 

—  tracks,  3(9 

■—  —  bottom  discharged,  239 

—  value  of  residues,  270 

—  val),  discharging,  difficulties  in,  314 
steel,  riveting,  cost,  154 

time  taken  to  fill,  339 

—  water,  decompotilion  caused  by  chlo- 

—  —  salt,  specific  gravity,  367 

—  line  discs,  costs  of,  155 
dissoUed,  417 

duit  precipitation,  350 

fume  precipitnlion,  350 

in  miil  solutions,  311 

lota  of,  2S7 

used  and  pTedpitated,  417 

per  01.  of  bullion,  417 

Cyanite,  Londonderry  mine,  39 
Cyclotte  diui  collector*,  354 

Dalton  n  ine,  Utah,  concentration  at, 

3'7 
Dams,  tailings,  263 

Darvin  and  Party's  shaft,  Kanowna,  59 
Day  Dawn  district.  601 
— gold  produciion,  and  producing 

mini.'s,  1900-1,  613 
Decomposed  country  rock,  Kalgoorlie,  85 
Deciep'*"''""  '"  "— ti~~   .-lA 


Depreciation,  5' 5 

—  machinery,  amounts  written  off,  19S 
Depths  of  main  shafts,  16a 
Dentation  of  gold  at  Fitiroy,  50 


Derivation  of  ijolJ  at  Kintore,  46 
Descriptions  of  mines,  512-589 
Detonators,  cost  of,  KiUgoorlie,  178 
Detrital  deposits,  character  of,  17 
Detrihu  maaking  Kalgcorlie  form^ition, 
43,  66,  8- 


—  COM,  189,  195.  197,5. 

increases  with  depth,  313 

per  cubic  foot  broken,  19  9 

—  work,  relation  to  output,  189 
Developments,  important,  in  Kalgooilie 

mines,  50S-JI1 
"  Devil's  Dice  "  at  Kanowna,  6t 
IXabase,  altered,  73 

DiEKi.  Process,  addition  of  lime  in,  383 
advantages  clumed  for,  363,  385 

—  —  ag'tator  Ireatraent,  poriiculars  of, 

383 

bromo-cyanide,    consumption   of, 

363.373 

bullion,  high  grade  of,  385 

chemical  pnticiples,  359 

claasiG cation  in,  38a 

■ concentration  in,  372 

consumption  of  water,  373 

cost  of  plant,  3S2,  3S5 

tost    of    power    and    treatment, 

analysU  of,  375,  382,  437,  438 

—  —  difficulties  in,  318,  363 
experimental  tests,  364 

—  —  extraction  and  cost,  365 

Hannan's  Star,  373 

flint  mills,  373 

irefieral  cost  and  eilraclloa  results, 

importance  of  concentration,  317 

Laks  View  Coiuoli,  treatment  at, 

379 

—  - —  making  up  lolutioni,  371 
principles  of,  363 

—  —  percentage  <rf  extraction  and  costs. 

Lake  View,  381 
potassium  cysnide,  consumption  of, 

373 

power  required,  374 

sliming,  importance  of,  372 

—  —  strength  of  solution,  383 

—  —  strong  point!  of,  318 
useoTlWin.  367,  37« 

—  —  value  of  residues,  381 
Diorttei,  Coolgardie,  30 

—  dykes  aasocLaled  aitb  gold,  78 

—  at  Kanowna,  50 

Dioritic  schist  rock,  characteristic,  72 

Direction  of  companies,  502 

leads,     Kanowna    and     Kintore, 

lead  at  25-mile,  48 

Discovery  of  gold  at  Coolgardie,  1 
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Discoveiy  of  Great  Boulder  PeiseTeraiice, 
67 

—  of  Kalgoorlie,  64 

—  oCWesteiQ  Amualia,  a 
Distance,  London  to  Fremantle,  450 

—  of   porti  from   Gold  Fields,  South 

Africa,  44G 
Dislribalion  of  gold,  z5-mile,  47 
Distributor  boies,  255 

plugs  for,  254 

Dividends  of  Cool^aidie  compan'es,  40 

—  early,  of  English  coropanits,  6 

—  eslimaling  piobabilitiEi  of,  joS 

—  of  leading  Kalgoorlie  mines,  580,  5S3 

—  WesteiQ  Aostialia,  rate  upon  capital 

usued,  1899-1901,  5S0,  3tJ5 

—  of  mines,  514,  j8o,  583 

—  percentage   of,   to   gold   output    on 

Band,  430 

—  Ux  on,  493 

—  Weilem  Australian  Gold  Compaoics, 

1900-1901,  609 
Dolomite  at  Coolgardie,  39 

—  effect  on  chlonuaiion,  194 

—  in  Kalgoorlie  oie,  294 
Donnybiouk  Gold  Field.    ilvTabln 
Drawbacks  to  sucteasfnl  mining,  498 
Dfilling,  bonus  for  speed,  175 

—  depth  of  holes  diilled  per  shift    in 

South  Africa,  460 

—  single  band,  461 
Drives  and  levels,  173 
Dryen,  HoweU-Whiic,  304,  3S3 
Diy  blowing,  31,  32 

—  coUectin) 

-  factors  ol 

losses  in,  31 

machinei,  33,  34 

capacities,  3s 

power  rei^uired,  35 

size*  and  weights,  35 

"Dual  title,"  487 

Dondas  Gold  Field.     Ste  Tables 
Dust,  gold  loss  in,  367 

—  p^cenlage  of.   Lake   View  sulphide 

mill,  377 

—  storms,  9,  14 
Dykes,  23,  75,  90,  116 
— ;  aurifeious,  bt 

—  b«ndcd  structure,  ag 

—  Coolgardie,  »S 

—  felstone  at  Kalgoorlie,  103 

—  granite  porphyry  at  Kanowna,  Jl 
~~  Kanowna,  61 

—  phonolite  at  Cripple  Creek,  1 14 
Dynamite,  colt,  177,  454 


East  Coolgardie  Gold  Field.  Sti  TaUe* 
East    Morcbisoa   district,  cc«t  of  shaft 

CMd'/ild.     -to  Tables 

Eait    Murchison    United,    Ltd.,    costs, 
1837,  204 


East  Murchison  United,  Ltd ,  cost*  and 

TEtums,  474 
—  dividends  and  production,  1930- 

1901,  609,  614 

kclipse  lease,  151 

Economic  geoli^,  importanoe  of,  71 
Economics  and  statistics,  444 
Economy,    dependetit    on    eflidency  of 

managem-nt,  J43 
E^ijadina,  gold  discovery  ttt,  449 


Edwards  roasting    : 
403 


.   33;>    3S4. 

-  consumption  of  fuel,  336 

—  results  in  Tasmania,  419 
Electorate,  493 

Electric  lighting,  184 
p'tnt,  Ivanhoe,  215 

—  power  contemplated,  Ivanhoe,  544 
Electro-chemical  Riecken  process,  3S6 
Electro-preeipltation,  deiosits  formed  in 

amalgamation,  38 7 
E'ectio-vat,  Kiecken,  386 
Elmore  oil  process,  408 
Ensign  Lease  Mine,  mclybdenile  io,  38, 
Enar^ile  (auriferous),  103 
Erosion  caused  by  wind,  14,  17,  18 
Esperance  to  Coolgardie  Railway,  44.7 
European  Gold  Mines,  Ltd.,  prtKlucticn, 

1900-1,  614 
Evnporatois,  1Z9 
Excelsior  filter,  175 
Explosives,  consumption  in  the  Tnuu- 

va.1,  177 
^  —  in   Western  Australia   and  South 

Africa,  455 

—  cost  at  Kalgoorlie,  178,  454 

in  South  Africa,  177,  454 

in  Transvaal,  1896,  30i 

—  quaniity  per  ton  broken,  KalgcorUe, 

301 
; Raod,  201 

—  reduction  in  cost,  455 
Extnclor  boxes,  slime  c^iacity,  154 
line  ciqjacity,  »54 


FaBBE  DU  FaueE  tilting  furnace,  357 

False  wall)!,  S3 

Faulting  of  rocks,  Kolgoorli^  87,  115, 

Fanna  ol  Western  Anatralia,  11 
Federal  tariff  duties,  under  old  and  new, 
496 

effect  on  ra;ne  costs,  496 

Kel^tic  dyke,  auriferous,  61 

—  rocks  (KnIgoorlieX  80 

Fekpars,  table  of,  79 

Felitone  dykes,  Kalgoorlie,  101 

Fever,  caus^  of  typhoid  and  dysentery. 


13,. 


,v  Google 


626     Gold  Mining  &  Milling  in   Western  Australia. 


Filler  press  ctkes,  assay  valne  or,  400 

cloths,  254 

residues,  handling,  340 

trenlment,  a57,  383 

—  pre>ses,  nic  preasnre,  163,  383 
capacity,  263,  3^3 

Diehl  proces."!,  383 

double      ptBSing,     advantages 

clumed,  262 
double  pressing  appliel  to  roasted 

tulphides,  261 

f  nrly  use  of,  x^i,  301 

Gol  Jen  Horseshoe  niphidewoiks, 

406 

unprorements  id,  302 

Ivanhoe,  2S0 

objecW  in  using,  258 

receivers,    method    of    working, 

«       .  .      , 

single     prcsiiDg,    companson    01 

mcihcxls,  161 

—  —  described,  260,  z6t 

sire  of  cahcs,  263,  3S3 

thickocst  of  cakes,  263 

— . —  washing  cakes,  toelhod  of,  383 

«  eight  of  cakes,  383 

where  first  used,  ijS 

—  picasiog    nod    agitation    compared, 

clarifying  solu'ions,  3'<4 

"  clean  up,"  263 

coarse  gold,  effect  on,  319 

discharging  filler  presses,  384 

—  >—  double  pres^ng,  261 

doable  cost,  322 

drying  cakes  3*4 

labanr  re^uir«K  3*' 

moitiare  in'  caiccs,  372 

single,  coat  of,  323 

—  —  time  of  operation,  363 

washing,  qoantity  of  solution  for, 

384 
Fii^l     Keefs     Extended,   prodoclioci, 

Fire-brick,  dutj  upon,  330 
Filchering  of  lock  drills,  170 
Fitiroy,  derivation  of  gold,  jo 

—  lead,  discovery  of,  49 

—  old  cement  workings  dcKribed,  49 
Flat  eo«rK«  of  ore  (Kalgoorlic),  90 
Flint  mill!,  366,  372,  373 

hone-power   and  weni   and  tear, 

373 

use  m  Diehl  process,  373 

Floiaof  Western  Australia,  lo-Ii 
Flaorite  with  Calaverite,  94 
Fly-Flat,  discovery,  3 
Forest  reserves,  494 

Stale,  411 

"Formation "and  "lode,"  dLttnciions, 

86 

—  and  "ore,"  distinctions,  86 
Fonrations  (Iranhoe),  estimated  ore  re- 
serves, per  100  feet  in  depth,  546 


Formations  (Kalgoorlie),  bnlliog  in,  87 

—  per^stency  of,  194 

—  principal,  Kalgoorlie,  general  posilioD 

of.  509-Sll 
Forwood    Downs   amalgamating   pans, 
>4i 

—  —  condensing  plant,  134 
Fosfil  remains,  absence  of,  24 
Foachi's  condenser,  134 

Fraser's  Gold  Mining  Company,  N.L., 
costs  and  relunu,  473 

—  prodnciion,  1898,  473 

Fraser'i  South  Extended  Gold  Mining 
Company,  N.L.,  dividends  and 
prodnciion,  190D-1, 609 

Freight.  Chicago  to  London,  4J2 

—  and  railway  rates,  444 
Fremantle  Co-operative  Stores,  453 

—  distance  fn  m  London,  450 

—  10  Fenh,  distance,  451 

—  barboai  works,  45  j 

—  position,  7 
Ficebolds,  Mining,  490 
Fritting  of  ore  in  roailing,  425 
Krue  vanners,  232,  238 
Fnchsite,  103 

Fuel,  comparatiTC  cost  of  wood  and  coal, 
421 

—  consumption  in  roasting,  418-420 

—  cost  per  Ion  of  ore  roasted,  422 

—  daily  consumption,  Ktlgoorhe,  411 

—  ore  roasted  per  ton.  422 
Furnaces,  Argsll,  418 

—  Krown  Horseshoe,  41S 
~  Btiickner,  418 

-Edwards,  334,  336,  354,  40J,"4>8, 
419 

—  Godfrey,  430 

—  Holthofl-Weihey,  418 

—  Jackling,  419 

—  Merlon,  342 

—  Pearce  turret,  41S 

—  Uopp,  41S 

Fuze,  cost  of,  Kalgoorlie,  178 


Galena,  Coolgardie,  38 
Ciascoyne  GoM  Fields.    Sa  Tables 
Gales  cmsfaer.    £iv  Descriptions  of  Mills, 

299 
Gauge  of  lailwajfs,  7 
Gelatine  dynamite,  cost,  177, 454.  45S 
Gelignite,  cost,  177,  454.  45s 
General -chains  and  mainienance,  585 
Geneva  Mine,  Colorado,  107 
Geological  features,  general,  of  Western 

Australia,  $,  73 

—  structure  of  Weslem  Ao&tra'ia,  10 

—  subdivision  of  Weiitern  Australia,  3t, 

23 
Geoli^y,  economic,  importance  o  ,  71 

—  of  KalgoorLie  summarised,  83,  90 
GilmouT- Young  process,  application Ipos- 

lible  to  Kilgoorlie  ores,  416     
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Gilmoar- Young  pioceiB,  c 


t.4iS 


power  tequiied,  416 

piiDcipIes,  415 

Glasdir  copper  ore,  410 

Godfrey  cuciner,  420  ' 

GolcoDda  mine,  Calirotnia,  109 

Gold,  ■moiphons,  Kalgoorlie,  Colorado, 

—  uboreuent,  63 

—  associated  willi  cobalt  oxide,  61 

manganeie  oxide,  Gi 

tourmaline,  109 

—  aTeiage  yield  per  ton  Iceatej  in  West- 

ern Australia.  1899-1900,  584 

—  bliiteied  in  roasling  telluiidcs,  319 

—  character  aflectinfr  extraction,  354.  319 

—  cbaiaclcr  of,  in  Fitzroy  cement,  61 

—  cUoridistttion  of,  310 

—  coarse  particles,  effect  on  filter  press- 

—  contine  "devil's  dice,"  61 

—  "  combined,"  108 

—  coat    of    carriage    on    Government 

railways,  469 

—  ciyBlalline,  loS 
in  alluvial,  53 

—  cjanide  bullicm,  cost  of  production  per 

oz->  175,  376,  379,  381,  385,  386 

—  dealer's  licence,  479 

—  depoMts,  Cool^jiiie,  31 

{Kalgoorlie)formationof,  73,  81,90 

—  deriTalion  at  Kintoic,  46 

—  efiecl  of  roasting  on  tellurides,  424 

—  eledriad    precipitation    on    copper 

plates,  387 

—  entered  for  export  and  received  at 

Royal  Mint,  Perth,  from  various 
gold-lields,  1S86-19CI,  593-S96 

—  escort  service,  table  of  rates,  468 
Gold  Fhlds  Acts,  479-488 

area   in   square    miles.    Western 

Australia,  6ai 
average  number  of  men  employed, 

yield  of  ore,  alluvial,  etc,  1900, 

602-605 

dales  of  proclamarion,  601 

future  prosp;gta.  S9I 

get^raphical  divisions,  601 

gold  dollied  and  specimens,  returns, 

1900,  603-605 

list  of;  3 

particulars  of  plant,  1900,  601 

returns  fiom  alluvial,   1900,  603- 

605 
Gold,  fine,  not  always  soluble  in  cyanide, 

—  float,  319 

—  "Flake,"  93,  108 

—  (Hampton  Plains),  quantity  of,  289 

—  high  extraction,  econooiic  importance 

of,  430 

—  nnpiiBoned  by  roasting,  436 


Gold,  in  brovmslone,  93 

—  in  felsiiic  dyke,  62 

—  in  North  Lead,  Kanowna,  character 

and  origin,  60 

—  in  pseudomorphi  of  pj'rites,  55 

—  in  "pug,"  61     ■ 

—  In  pyrites,  to8 

—  King  Vein,  Cripple  Creek,  94 

—  loss  in  dust,  348 

—  Mount  Morgan,  purity  of,  388 

—  mustard,  94 

—  output,  rapid  growth  of,  591 

—  peculiar  occurrence,  108 

—  percentage  of,  letnmcd  in  dividends 

on  Rand,  430 

recovered  nt  Kalgooriie,  439 

-in  Transvaal,  430 

—  produced  in  Western  Australia  in  1903, 

Tabic  XXXII.,  611 

—  producing   mines,    1900-1,   table  of, 

613 

—  production,  Australia  and  New  Zea- 

land and  New  Guinea,  1901,  6c6 
comparative   table  of,   in   various 

gold-fields,  1897-1900,  600 

monthly  table  of,  1900,  399 

per  man,  459 

—  recovery  by    batter;   amalgamation. 


237 


— '  rich  specimens  in  deposits,  S3 

—  "  rushes,"  character  of,  41 

—  "  rusted,"  319,  323 

—  secondary  deposiia  of,  63 

origin  of,  North  Lead  (Kanowna), 


-ulia 


,  3W . 


—  slimes,  cleaning  up,  Tavemer  method, 

diScultie*  in  treatment,  364 

—  —  melting,  380 

time  tdien  to  melt,  z8o 

—  sponge,  108 
purity  of,  389 

—  stealing,  473 

—  table  of  distribution  in  Kalgoorlie  sul- 

phide ores,  308 

—  telluTOu$  acid  coating,  314 

—  —  films,  prevention  of,  by  ml,  4 


traliai 


1  Gneoes*  of  Western  Ani- 


Golden  Arrow  Mine,  Ltd.,  production, 

1900-1,  614 
Golden  Fleece  Mine,  Colorado,  107 
Gulden  Horseshoe  Stales,  Ltd.,  analyus 

of  mining  costs  in  1903,  617 
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Golden  Horseshoe,  concenlrate* ,  dispoMl 

of,  383 

crow  section  of,  551 

cnpellation  fumice,  403 

di»idend-  and  pioduction,  1900-1, 

548,556.  580.  6cx>,  61S 

Edwards  roasting  farnace,  403 

sulphide    worki,    filler    presses. 


.4°? 


—  No.  4  lode,  lon^tndinal  section, 

-  Ha.  3  lode,   longitudinal  section. 


orlf^nal  companjr,  547 

—  —  output  of  oneinal  liatteiy,  555 
oxidised    sands     collecting    vatt, 

treatmeot,  284 

cost  and  tesalts,  185 

slimes  treatment,  3S1 

cost!  and  retutts,  a86 

—  —  plan  of,  sso 

principal  foimationi  in,  549-554 

recent  devctopmenis  in,  555-556 

lecOTery  of  gjld  in  battery,  230 

smelting  works,  403 

results  and  coits,  897 

square  sets,  183 

slicing  costs,  2c6,  314,  616 

sulphide  ore,  smelted,  404 

iTorks,  404 

capMity  of;  405 

classifiers,  405 

out^ot  of,  407 

plant,  405 

table  of  ore  resorret,  production, 

etc.,  S04-SOS    „ 

— tailiniii  plant,  3S4 

sizing  analysis,  384 

treat meni,  353 

_: wheel,  364 

total  production  of  gold,  556 

value  of  original  shares,  547 

water-iacket  furnace,  397,  403 

.    Sa  Tables,  Coils,  etc. 

■Golden  Link  Mine,  main  shikft,  1G3 

winding  plant,  163 

Oolden  Reward  Works,  DUota,  300 

<;olden  Rhine  Gold  Mine  {Wesein  Aus- 
tralia), Ltd.,  production,  1900-1, 
614 

Oolden  Ridge  Mine,  147 

<joldschn)idite,  104 

Cood  Hope  Mine,  Colorado,  ti6 


493 
Granite  dykes,  Coolgardie,  38 
—  porpbyty  dykes  at  KiiDown*,  51 
Granites,  Coolgardie,  38 
Granitic  rocks  {Kalgootlie),  81 
Great  Boulder  Main  Reef,  Ltd.,  analysis 

of  ore,  101 

battel^,  235,  336 

capacity  of  plant,  332 

cost  of  roastin ,',  326 

costs  of  tuli'hide  ' 


dividends  and  producljcm,  1900-1, 

514.609,615 
diying  discoDtinoed,  335 

—  —  Edwards  furnace!;,  336 

—  -  —  milling  costs,  2;)6 
multiple  furnaces,  338 

—  —  percentage  of  extraction,  1901,  434 
sloping  cost,  105 

sulphide  ore,   earliest    method  of 

treatment,  315 

—  ■ —  percolation  treatment,  335 

works,  335 

capacity  of,  336 

plant,  336,  3*5 

(New)  capacity  of,  336 

(Old)  coitsamption  of  cyan- 
id',  326 


'.335 


335 

.     &f  Tables,  Cost,  etc. 

process.    Stt  Boulder  Main  Reef 

Great  EouUei  Persevnance  Gold  Mining 

Company,  Ltd.,  556 

air  cnraptessois,  171 

average  grade  of  ore,  563 

widlh  of  formation,  560 

"bands"  of  gold  in,  1^ 

battery,  339 

bullion  yield,  564 

character  of  ore,  100 

di-composing  effect  of  nil  water 

on  solutions,  32 1 
depredation   of  plant,   written 

off,  564 

ilcvelopment  work  in,  561 

("ip  of  forinalions,  559,  560 

discoveiy,  67 

first  dividend,  565 

general  description,  557 

Dinnlhly  revenue  estimated,  564 

original  company,  556 

oxidised  or«,  563 

exceptional  widlh  of  formation, 

S59. 


-  principal  formation!  in,  • 
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Great  Boulder  Persercrajice,  prodnciion, 

proporliun  or  ore  tloped  friim 

diRerenI  fonnalions  56^ 

recent  developmenlt  in,  564 

reserves  of  ore  in  1901,  561 

rich  discoveijr  in,  114 

Siluition  of.  S58 

slime*  IreWmcnl,  i8a 

sulphide  ore  cxtraclioD,  351 

tailings,  563 

—  — work.,  345 

capacilj,  351,  352 

cost,  351 

plant,  34S 

lable*  of  ore  reserve,  prodnction, 

etc,  S04-SOS 

value  of  reudues,  350 

.    Sir  Tablet,  Cost,  etc 

Great  Boulder   Proprietary  Gold    Mine 

Company,  Ltd.,  153,  155 

—  —  air  compressors,  171 

analysis  of  country  rock,  100 

ore,  too,  532 

—  —  —  oxidised  ore,  ai8 

battery,  «36-238 

character  of  ore,  09 

—  ~  chaiacleristict  of  fonnntion,  194 

cross  section  of  reels,  529 

concentrates,  yield  of,  238 

costpfmiliing,  237 

—  tailings  treatment,  ajj 

cyanide,  consumplion  of,  273 

bnliion,  fineness  of,  171 

works,  3j8 

capacity  of,  3^9 

cost  of  extraction,  340 

results   of   treatment,   340- 

342,  43'.  43* 

developmeQi  work  wecuted,  527 

developments,  1901,  528-530 

discovery  of,  66 

—  ■ —  dividends   and   production,  1900- 

1901,  609,  615 

relumed,      S'4,      533.      S8o, 

6'5 

filter-press  residues,  handling  340 

6»5     bring    for     furnaces,    336, 

4*3 

EenetfJ  description,  526-534 

iron  foundry,  2 1 5 

monthly  average  of  gold  produced, 

S33 

old  stamp   battery   (remodelled), 

338 

ore-bodies,  width  not  always  indi- 
cated by  drives,  532 

ore  reserves,  533 

—  —  original  owners,  S*6 

oxidised  slimes,  fineness  of,  338 

percenlage     of    extraction, 

340 
panning  samples,  18S 


Great  Bonlder  Proprietary  Gold  Mine 
Company,  Ltd.,  percentage  of  ex- 
iraciion,  zj8 

percolation  treatment,  321,  325 

principal     formations     in,     516, 

sa;  .      ,    , 

quantity  of  salt  water  used,  131 

recent  developments,  531,  534 

revenue  and  dividends,  1895-1901, 

516 

roasted  ore,  percentage  of  cxliac- 

lion,  340 

—  residual  sulphur  in,  336 

screen  analysis  of^ tailings,  2Cl 

'-  solids  in   water,   analysis  of,   3(0*^ 

341 

Sponge  gold  in,  108 

Slopirie  costs,  106,  207 

sulphide  ore,  analysis  of,  298 


raw,  percentage  of  eitraclion, 

340 

works,  331-542 

comparative  recovery  by 

amalgamaticn  and  c>'anide,  337 

settling  dim,  337 

table  of  ore  reserves,  prodacttoo, 

etc.,  504-505 

tailings,  151 

treatment,  252 

cost.  252,  272.  273 

■ value  of,  238 

—  —  total  development  work,  S3» 
tramming,  183 

value  of  bullion,  533 

of  ore  and  tailings  ttecied,  1895- 

1901.  533 

wiJth  and  value  of  lodes,  527 

winding  plant  ut,  160 

-^—.Sft  'lables,  Coils,  etc. 

(Iteat  Dyke  lease,  45 

lireat  Fingall  Cansolidate<l  Gold  Mines, 

Ltd,,   dividends   and  production, 

1900-1,  609,  614 
Griffin  mills,  241,  24S,  334 

cost  a{  crushinc  with,  248 

output  per  di(m,  24S 

power  required,  346 

sizing  analysis,  346 

wear  and  lear  of,  334.  346 

Grinding  pans.    Sa  Descriptions  of  Mill» 
speed,  237 

—  —  Wstson  and  Denny,  237 
Grit  mills,  366,  373,  380 

Golden  Horseshoe  sulphide  worki, 

406 

sliming  concentrates,  40a 

Ground-water,  121 

Gypsnm    in    cyanide    vats,    artificially 

formed,  323 

—  in  Kanowna,  53 

—  in  lakes,  120 

—  in  Sherlaws  mine,  39 
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Hallet  concentrating  (ables,  355 
Hampton     Pbiinx,    trater     supply   at, 

136 
Ilannan,  P.,  dueovery  of:KaIgoortie>  3 
HaDimn'i  l^irnhill  OoM  Mining  Cum- 

panvLtd,  amphJlKilile  dyke,  72 
^  diTideadi  and  production,  1900-1, 

609,615 
nsults  of  ore  crtubtd  at  Hannan's 

Star,  376 

tabular  scheme  of  working,  436 

.    Sa  Tables,  Cot,  etc. 

—  ^-.    Sa  also  Brownhill 

llannan's  Central  Extended  Gold  Mining 
Company,  N.L.,  prcduction,  1901, 
61S 

Hinnan's  Croesui,  1 5 1 

Haanan'i  Lake,  70 

Hannan's  Oroya  Cold  Mining  Company, 
Ltd.,  510 

cosli  and  retorns,  47s 

—  —  diicoveiy  in,  153 

dividend!  and  production,  ■900-1, 

6c9,  615 

milling  plant,  3iz 

—  sloping  costs,  306 


Han 


Hannan's     Reward,    Ltd.,    production, 

1900-1,  fits 
Hannan's  Star  Gold  Mininj;  Company, 

Ltd.,  assay  value  and  extraction, 

bait  mills,  240 

bullion  fioeaess,  340 

concentration    at   sulphide     mill, 

370 

concentration  results,  314,  370 

coitdeoseTS  at,  134 

coat  of  cyaniding,  140 

of  mill  treatment,  340 

Diehl  proces.!,  cost,  365,  375 

e.'jtiBClion  results,  374 

Kmpp  mills,  duty  of,  248 

mill,  340 

—  —  —  engines,  140 

production,  1900-1,  615 

sorting,  186 

—  —  sulphide    mil's,    cost    of   power, 

37S 

cost  of  treatment,  374 

description  of  plant,  369 

.^  —  early  Tesulls  of   I      ""    " 

374 

extraction,  373 

prccrsa  at,  370,  371 

■ —  slime  Itcatmenl,  371 

Hardmon's  map,  3 

Haulage  surface,  215 

"  Headings"  at   Kanowna,  5S 

Heine  water-tube  boilers,  349 

Helena  river,  136 

Hilton  Lease,  4<1 


Hilton  North  Lease,  48 
Himalaya  Lease,  4S 
Hi^an's  Find,  Bulong,  6] 


mbfnidic 


f.  S4». 


Hombfendic  rocks,  Coolgardie,  30 
"  Horse,"  90,  195,  526 
Horse-power,  cost  of,  in  Australia,  $44 
~  —  per  monih.  Lake  View,  334 
Howel- White  liryer,  333,  353 
Huntington  mills,  310,  211,  13J 

—  —  at  North  Boulder,  333 

compared  willi  stamps,  321 

cost  in  Califooiia,  222 

in  Oroya,  331 

Hydiothennal  activity  in  Western  Ans- 

tralia,  33 

Indicative  value  of  minerals,  38 
Industrial  Conciliation  and  Arbitration 

Act,  1900,  494 
InGltralion    and     deposition    of    gold, 

Kanowna,  63 
Infonnation,  leakage  of,  471 
IslatKl  Eureka  Gold  Mining  Company, 

Ltd.,  dividends,  1900-i,  609 
Inspections  of  mines,  periodical,  502 
Insurance  of  workmen,  494 
Iron  arsenide  at  Kalgoorlie,  103 

—  cement,    formalija  in    roasted   ore, 
32  J  „ 


Ivanhoe  Gold  Corporation,  Ltd.,  535 

—  a^ ilatott,  3S0 

—  air  compresEon,  171 

—  amphibolile  dyke,  72 

—  analysis  of  snlpUide  ore,  400 

—  cost  of  horse-pswer  at,  544 
~~  cross  section,  539 

—  cyanide  vals,  arrangemenl,  277 

—  disposal  ofbuDion,  541. 

—  distribution  of  labour  at,  461 
of  lelloride  ore  in,  S45 

—  dividends   and    production,    1903-1, 

609,  615 
paid  by,  S4' 

—  effect  of  slides.  546 

—  electric  lighting  plant,  315 
power,  544 

—  enlargement  of  plant,  cost,  399 

—  faults,  541,  544 

—  niter  press  residues,  moisture  in,  aSo, 

282 

—  longitudinal  section,  eastern  lode,  53S 
— middle  lode,  537 

new  lode,  538 

—  ore  reserves,  546,  547 
(1900-1901),  54a 
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Ivjnhoe,  ore  treated   and  bullion   pro- 
duced (1898-1901),  S4i 

—  original  company,  535 

—  oxidised  iWmts  plant,  180 
capicity  of,  aSo 

— process,  *8o 

treatment,    costs    and    tesnlls, 

iSi 

—  plan,  S36 

—  poppet  legs,  161 

—  principal  fo'initioDS  in,  53$ 

—  production  per  100  fe:t  in  depth,  546 

—  pjTamidal  sloping.  544 

—  rate  of  sinking,  S46 

—  recent  derelopments  in,  547 

—  roasting  plant,  cost  of,  400 

—  schedule    of   expenditure    on    plant, 

niachioeiy,  etc.,  590 
^  shaft  eijuipment,  161 

—  simplicity  of  trealmenl,  547 

—  step  faults  in,  546 

—  (toping  cosis,  106 

—  sulphide  process,  39s 

—  —  — ■  agitator  vats,  398 
canvM  tables,  399 

capicity    of,    279,   281,   398, 

35>  „     . 

colleciing  vii),  357 

concentrates,       anient         re- 
covered, 399 

bjrcanTas  table*,  399 

described,  397 

duty  of  siani[»,  398 


percentage  of  extraction,  396, 

401,  40a.  544 
— percenlnge  of  recovery  of  gold 

in  pans,  397 

principles  of,  401,  401 

—  —  roasting  cost,  400 

tables  of  extraction  and  results, 

401 

—  —  —  value  of  leadues,  3;8 

of  sands,  398 

ofslimet,  398 

works,  39S-403 

concentrates,  tieatment  of,  403 

plant  employed  in,  397 

—  table  of  ore  reserve,  production,  etc., 

50+- SOS 

—  tailings,  cost  of  treatment,  179 

—  —  "double  Irealmenl,"  277 

grinding  and  amalgamation,   377, 

397  .     ., 

hydraulic  classljcllion,  177 

plant,  327 

—  —  pump,  264,  398 

treatment,  253.  277,  397 

faults,  2J9 

—  works,  capicity,  279 

^  staff,  179 

—  lilting  furnace,  23o 

—  trucking,  cost  of,  183 

—  value  of  residues,  281 


Ivanhoe,  waWt  supply  of,  132 

—  tine  boxes,  277 

—  Set  Tables,  Costs,  etc 

Ivanhoe  Venlnre  Lease,  p'EgiDg  of  allu< 
vial  claims,  67 

Tackling  funuce  results  in  Utah,  419 
Jarrah,  10,  178,  455 
Jasperoid  locks  of  Kolgoorlie,  75 
Jol^nesbarg,  coat  of  carriage  to,  446, 

449 
John  Jay  Mine,  Colorado,  104 

K\LG0OKL[E,  accessory  minerals,  101 
—  rare,  97 

—  alumina  in  ore,  293 

—  amphibolile  dykes,  71,  90 

—  alluTial  deposits,  64 

—  Australia  mine,  107 

—  barren  lones,  83,  90 

—  blind  lodes,  8;,  152 

—  "brownslone,    85 

—  brownslone  chaiaclcristics,  93 

—  calaverite,  105 

associated  with  cal.Hte.  104 

—  carbonate  of  lime  al,  193 

—  characteristics  oF  connlry  rock,  80 

—  cement  deposits,  66 

—  chloridi  of  silver,  97 

—  coloration  ofrobks,  74 

—  composition  of  brownslone,  96 

—  costof  eiplosEves,  177,454 

—  —  of  cjanide  per  01.  o(  gold,  41 7 
of  roasting.    Sa  Co«t  in   vajrioas 


—  decomposed  country  rocks,  cbaiacter 

islies,  85 

—  "  deep  level  "  ore-bodies,  97 

—  deep  sinking,  arguments  for,  152 

—  deepest  shaft,  163 

—  depth   of  snrface,  alteration  of  ore- 

bodies,  92  , 

—  dip  of  ore-bodies,  90 

—  discovery  of,  3,  64 

—  displacement  of  ore-bodies,  90 

—  drives  and  level*,  172 

—  early  his  ory,  1,  65 

—  exploratonr  bore  holes,  154,  155 

—  fnul ting  of  rocks  lij 

—  felsilic  rocks,  80 

—  felslone  dykes,  tai 

—  filter  presses  «,  257-263,  383 

—  firewood,   coniumplion  for  roasting, 

418,  4»-4=3 

—  first  discovery  of  telluride,  109 

—  flat  veins,  90 

—  formation  of  gold  deiiosits,  81,  90 

—  formations,  constituents,  98 
described,  8s 

faoliing  in,  87 

masked  by  detritus,  42,  66,  85 

—  —  origin  of.  So,  81,  115,  it6 
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Kalgoorlic  fonnatlont,  general  strike,  84 
Iheoty  of  mincTilisalion,  So,  Si, . 

84,85.  90 
walls  ill -defined,  85 

—  getdi^  snininarisej,  So,  90 

—  "gossan,"  85 

—  glanitic  rocka,  So 

"  high  percentige  of  gokl  recovered,  430 

—  liDisling,  compared  with  Rand,  158 

—  horizontal  flojn,  88 

—  iron,  arsenide  of,  at,  103 

—  jasperoid  rock,  7S 

—  Und  boom,  145 

—  lateral  impregnation!  of  country  rock, 

95,  96,  98 

—  lime  in  iode-stu!T,  98,  293,  339 
-~  lode-funnalioas,  Ea,  S3 

eastern  and  western,  diRer,  150 

—  lollingitc  at,  103 

—  magnesia  in  lode-stofT,  98,  193,  309 

—  meteorological  conditions,  10,  13 

—  tninerul  in  counliy  rock,  76 

—  wines,    important    developments    in, 

S08-51' 
(leading)  tola!  returns  of  ore  treated 

and  gold,  1397-1901,  5S0 
table  of  capital  ijsned  and  share 

values,  5S1 

—  mining  boom,  146,  147 

Developments    Conipany,    Ltd., 

alluvial  discovery,  67 

—  muGtaid  gold,  94 

—  natuial  amalgam  at,  97 

—  ore-bodies,  changes  in  dip,  90 
catcile  in,  98 

irregular  diilribut'on,  87,  gi 

deposits,  general  character.  Si 

—  overlapping  of  ore-bodies,  87 

—  ore,  antimony  in,  295,  298 

bismuth  in,  395 

dolomite  in,  194 

Gilmour-Yonng    process,   possible 

application  of,  416 

magnesia  in,  893 

oxidised,  manganese  in,  19S 

selenium,  198 

silica  in,  193 

vanadium  in,  29; 

—  parallel  coanes  afore,  S8 

—  pitch  of  ore-bodies,  89 

—  plan  of  the  field,  149 

—  porphyrilic  rocks,  80 

—  position,  7 

—  mines, producli'nand  divide  ids,  1S98- 

1901,  583 

—  prospecting,  150 

by  bore  holes,  151,  15a 

by  cross-cuts,  151 

—  pyroxenite,  74 

—  (juarti  replaced  by  calcite,  98 

—  quartz -orthoclose-plagio:  I  ase  rock,  79 

—  recurrence  of  ore-bodies,  S7 

—  rocks,  age  of,  8t 


Kalgoorlie  rocks,  clasufication  of,  90 

foliation  of.  115 

microscopical  examination,  77,  7S 

—  searching  for  lot  orC'bodiis,  87 

—  sjcondary  qunrlz,  100 

—  lericilc  in  toHe-stuff,  99 

—  serpentine  at,  74 

—  shaft  equipment,  158 

—  "  Slickenside,"  115 

—  smelting,  early  cost  and  recovery  by, 
"95 


—  sponge  gold,  parity  of,  aSg 

—  simclure  of  outcrop  ore-bodie',  91 

—  sulphide  ores,  analyses  of  bulk  lots, 

309 

—  ■ calculaton  of  constituents.  309 

distribution  of  gold  in,  3cS 

sulphur  percentage  in,  193 

—  surface  alteration  of  ore-bodies,  91 
enrichment  of  O'e-bodies,  95 

—  rylvjnit«  at,  104 

—  lellurides,  distribntioD  in  ore-bodies, 

103 
of  gold  and  silver,  103-109 

—  tellurium,  native,  104 

—  theories  of  origin  of  ore-depoiit*,  73, 

80,  Si,  90, 115,  116 

—  the  town,  145 

—  Iapogra[diicBl  features,  68 


le  qua. 


1,64 


ns,  83 


—  iiikderlying  rocks,  71 

—  vanadium  mica,  109 

—  variation  in  country  rock,  77 

—  "wills  within  walls,"  88 

—  width  ofore-bixties,  £9 

—  yield  for  varioos  mines  to  19XX    Ste 

Tables,  5»4-S'7 
Kalgoorlile,  !□£ 
Kalgurli  Gold  Mines,  Limited,  average 

cost  per  ton  (1901),  579 

—  capacity  of  sulphide  plant,  j  79 

—  character  of  ore,  99 

—  description  of  property,  S7S-S78 

—  depth  of  main  shaft,  579 
— ^  discovery  of,  133 

—  dividends    and    production,     1930-I, 

S79,  609,  615.    Sa  Tables 

—  rxtracfion,  percentage  of,  579 

—  fineness  of  bullion,  358 

—  original  company,  576 

—  ^  discovery,  576 

—  pl"!'.  577 , 

—  position  of  property,  576 
^^  principal  formations,  57G 

—  table  of  ore  reserves,  production,  elc, 

SO4-505 

—  returns  from  ore  treated,  579 

—  sloping  costs,  ao8 

—  sulphide  plant,  air  lifts,  356 
works,  air  separators,  356-357 
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Knlgurli  (nlphidc  vorlci,  capacity,  351, 

3S8,  359 

cost  >Dd  e«lr.ction,  358,  359 

descnption  of  plant,  3;* 

— gold  recovery  in,  357,  359 

power  plant,  356 

^ feopp  fntnaces,  35* 

tandi,  IrealTnenl  of,  JJJ 

— sllnet,  danification  of;  3S4 

Yalue  and  p:rGeoltig«  of  con- 

MOlralcs,  355 

—  very  rich  ore,  ^76 

—  working  capital,  576 
— ,     Sei  Tabled,  Co«,  etc. 
Kan(nn]s^  auTiferoui  bed-iock,  6l 
psendomorphE  of  pjritet,  J5 

—  Correr  and  Parly's  claim,  56 

—  Darwin  and  Party's  iLaft,  59 
— ^  deep  lead,  53 

oaCure  of  deposit,  54 

— .    Sk  Fiiiroy 

~"De»irsDice."6l 

—  dioriteat,  51 

- —  direclion  of  leaji,  48 

—  discovery  of  cement  at,  48 

—  district,     gold    prodaetion,  '  1930-1, 

603-605,  ^'3 

—  dyke,  aarilerous,  61 

—  granite  porphyry  dykes  at,  $1 

—  gjyium  in,  S3 

—  'headmga     at,  58 

—  infiltralioD  of  goM  at,  62 

—  magneiite  at,  58 

—  Moonlisht  Lead,  54 

—  North  Lead,  54,  55 

nature  and  origin  of  depouts, 

59 
of  gold,  60,  61 

—  origin  of  cement  deposits,  5] 

—  pngat,j8 

—  Q.  E.  D.  Leftd,  54 

—  Kollo'i  shaf^,  57 

—  schists  at,  54 

—  situation,  iH 

—  Suden'a  claim,  57 

—  South  Lend,  54 

—  steatite  clav  at,  51 

—  Vaoghan,  Davis  and  Party's  claim,  58 

—  Wilson'i  fitilly  Lead,  54,  S9 

—  yield  fiom  allariali,  63 
of  cement,  63 


—  gold- field, 
Kinlore,  cement  deposits,  42-48 

—  deposir,  natnre  of  gold,  46 

—  derivation  of  gold,  46 

—  kaolia  at,  45 

^.    Sa  Twenty-five  Mile 


Klaproth,  discovery  of  telturide,  tto 
Krenoerite  at  Cripple  Creek,  94 
Krupp  bell-mills,  139,  340,  341,  347, 

848,  369,  377 
power  vised,  377 

—  treble  clnssifier,  380 
Kunanalling  cement  deports,  41,  43 

—  district,  gold  production,  1900-1, 601- 

60s,  613 

—  pipeclay,  43 

—  sandrock  at,  43 

— .    ^Twenty-hve  Mile 
Kumalpi,  gold  nuggets  at,  43,  63 

—  district,  gold  production,  1930-1,  6ois 

«o5.  613 


LAboiatosy   and  working  tests,  need 
for,  307 

—  experimenb.  North  Bjulder,  163,  366 
Labour,  457 

—  agreements,  466 

—  classiScation  of   men    employed    on 

■varions  gold-fields,  607 

—  coloured,  461 

—  comparison  of  wages  rates  with  United 

States,  461 

—  conditions,  Uw  in  different  countries, 

4«9 
objects  or,  490 

—  cootract  system,  465 

—  efRdency  of,  458 

^  gold  priMlitctioa  per  man,  459 

—  hours  of  work,  461 

—  Italian,  461 

—  Kaffir  wages,  45G 

—  [Hece  work  in  South  Africa,  463 

—  quality  of,  303,  458,  459 

—  si:ale  of  pay  in  relation  tj  wo'k  done, 
458 


dends,  40 

~ production,  1900-1,  615 

Lady  Uary  Leases,  production,  1900-1, 

61S 
Lady  Shenton  Gold  Mines,  Limited,  divi> 
dends  and  production,  1900- 1, 60^ 
614 
Ijuly  Shenton  Reef,  Mensies,  64 
I^agging,  181 
Lakeb.-ds,  7 

Lake  View  Boulder  and  Junction  shafts, 
IG6 

water,  composition  of,  139 

Lake    Vie*   Consols,    Ltd.,    air   com- 
pressors, 171 

sejttraiion,  abandoned,  300 

analysis  of  lode-stuff,  I03 

bullion  yield,  1897-1903,  519 

capacity   of    reduciiun   works. 
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Lolic  View  Consols,  oKiUng  cylinders, 
300 

—  tioaling  floor,  300 

cosis,  1901,  518 

of  cyaniding  sands,  175 

—  —  —  —  of  treaimeni  ol  concentrates, 

cross-cntling  for  ore-bodies,  531 

„  _  _  deirdopmenta  in  I901,  JIJ-SlS 
Diehl  mil],  clossilicstion  of  bat- 
tery pulp,  380 
—  concentrates,  method  ukd 

cODCenliales,   percentage 

recovered,  381 

concentration  at,  380 

— deaeiiplion  of  plant,  379 

duly  of  slumps,  380 

Diehl  plant,  capacity  of,  523 

— lube  mi;],  380 

IXehl  process,  cost,  365 

-: results  and  costs,  381,  381 

— experimental    trials  of, 

30J 
(dividends      and      production, 

igoo-l,  609,  615 

early  returns  ironi  smelling,  302 

suli^ide  treatment,  199 

value  of  shares,  513 

economic*  effected,  523 

expenditure  and  profits,   1901, 

5»8 
>— extraction   from  brown   stcMie, 

»^5  .       , 

—  lumaces,  capacity  ol.  300 

;—  general  description  of,  513,  S*>- 

incregse  of  capital  01,  5*5 

labour,  percentage   of  cost   in 

driving,  1 77,  330 
-: —  milling  plant.  III 

—  —  —  mouldiujf  shop,  215 

(h1  process  tests,  41a 

ore  r^ryes  in.  525 

-~ output  in  1902,  514 

-■ —  pegging  of,  512 

power  costs,  525 

pilncipil  ore-bodies  in,  521 

recent  developments    in,   5^~ 

redaction  in  workmgcoGtE,  519- 

Sao 

schedule  of  eapenditore,  plant 

and  machinery,  etc.,  5S9 

shaft  eqaipment,  160 

plant,  169 

oiidised  sand  treatment,  resnlts 

and  ccsts,  275 

' —  sands,  treatment  of,  174 

slimes,  treatment  of,  174 

slimes  plant,  capacity  of,  275 

;  treatment,  results  and  costs, 

a76  ..  . 
t;me  of  treatment,  I75 


Ljtke  View  Consols,  s^nmp  battery,  222 

—  sulphide  mill   (new  process  of 

treatment  at),  376 

: —  capacity  of  plant,  379 

— '■ dost,  percentage  of,  377 

result*  and  costs  of  treat- 
ment, 378,  379 

— slimes,  treatment  of,  378 

old  process  of  treatment 

«t,  376 

ore  smelted,  30a 

plant,  capacity  of,  523 

old  sulphide  works,  399 

agitation    and    filter 

presting,  302 

liiii»ialion,  301 

■ results    of   ueatmcat, 

table  of  ore  reserres,  produc- 
tion, etc.,  504-505 

— tailing!  plant,  273 

treatment,  253  273 

timber,  cost  of,  182 

timbering,  181 

total     development     wort      in 

levels  and  cross-cuts,  513 

—  trucking,  cost  of,  183 

—  water,  cost  of,  per  ton  of  ore, 

"3' 

wire  ropeway,  215 

line  boxes,  274 

,     Sft  Tables,  Cost,  etc 

Lnke  View  South,  assay  of  ore  milled, 
=38 

balterr,  218 

cost  of  milling,  239 

—  —  —  cyanide  plant,  238 

grinding  pans,  238 

.surface  naulige,  215 

tailings,  value  of,  238 

Lake  Way  Gold  Fields,  Limited,  divi- 
dends, 1900-1,  609 

Lamps,  undergiound,  184 

Lancefield  Gold  Mining  Company,  Ltd., 
dividends  and  production,  1900-1, 

Lane's  shall,  equipment,  161 
Lead  salt,  nte  of,  in  cjoniding,  315 
Leasehold    areas,    business,    residence, 

machine,  etc.,  4S6 
Leases,  4S5 

—  amalgamation  of,  4S6 

—  exemption,  485 

—  forfeiture,  4S7 

—  hbour  representation,  485 

' —  lands  open  to  occupation,  48S 

—  pegging,  surveying,  etc.,  ^6 

—  rental  of,  485 

—  tenure  of,  489 

—  work  required  upm,  4S6 
Led  ward  condenser,  134 
Lenticular  nature  of  ore-bodies,  86 
Lepidolile  in  LondondeiTy  mine,  39 
Levels,  173 
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LCTcb,    coat  of   card:es  per  ni»n   pei 
shift,  1S5 

—  cost  of  driving,  174,  175 

—  —  p;r  toil  of  stone  broken,  199 

—  —  peicenlogr  for  labour,  177 

—  tlimenslons  of,  172 

—  di>lircesapa.t.  171,  S44 
— mAcbine  dnl  ing,  lettiag  holes,  173 


181 


—  speed  01  drivii^,  175,  176 

—  soggestioD  for  improving  speed,  177 

—  tinit>eT,  size  uid  price  oi,  179,  181 

-r  io.-inaje  per  man  broken  in  sloping 
mnd  devtlopment,  301 


compared,  joi 
L'ghling,  candlts,  183 

—  cost  on  Rand,  iS; 

in  slopes  and  It.»els  compared,  185 

-.-  electric,  184 

—  lamps  for  plats,  184 

—  surface,  31$ 

—  nnde^touiid,  184 

Lime  sulphate,  effect  cf  lemperature  in 

roasting  on,  323 
List  ofgold-iieMs,  3 
Living,   cost  of,   in   South  Africa   and 

Mfesletn  Australia,  463 
"Lode"   and   " formalion,"  dislkaion 

between.  85 

—  claimj,  483 

—  foimaiions  (Kalgoorlie),  78,  8z,  83 
~  :^tiifr,  Kolgoor.ie,  containing  magnesia, 

98,  a93..a98,  309 

—  —  —  ■ —  sericile,  99 
Lollingite  at  Kalgooilic,  103 
Lomhacd  mine,  cop.)ei  in,  38 
Londonderrj  mine,  discovery,  146 

occurience  of  cyanite,  39 

of  lepidolite,  39 

Long  Reef  Gold  Mining  Company,  Ltd., 

dividends,  1900-1,  609,  614 
Lorden's  dr^  blowing  machine,  34 
Losses  In  mining,  bases  of  calculation,  50a 
^  —  to  be  ascertained,  soo 

—  of  go!d  by  volaiilisalion,  330,   333, 

434-436 


McArthur-Foxest  process,  principles 

of,  360 
McAuUHe  vein,  FiUrov,  50 
Machine  drilling,  depth  drilled  pet  shift, 

in  levels,  173 

—  — types  of  bils,  173 

' —  drills  for  stoping,  183 
Machinery,  amonnls  written  off  fOT  de- 
preciation, 198,  585.     .iiv  Tables 

—  ca]Hlal  value  of,  on  gold-Iields,  593 

—  cost  ol  erection  on  Kand,  448 


Machinery,  heavy  cost  of  early  Iruuf  ort. 
Western  Auitialia,  448 

—  inspeciionof,  543 

—  piemalure  ere.tion  of,  499 

—  replacement  of  wotn-ojt,  543 
Ma;'nesia  m  Kal^Tiiorlie  ore,  298 

—  —  —  lode-stuff,  9i,  393,  29S,  309 
Magned*e  at  Kanoi*na,  5S 

—  and  floorite,  with  calavcrite,  94 
Magnesium  sulphate,  solubility  of,  331 
Malachite,  103 

Manganese  conipounds,  cfFL'ct  on  cyanide, 

3SS 

—  in  Kalgoorlie  ore,  39^ 

—  oxide  associated  witli  gold,  61 
Map,  Cif.  Beige  des  Mines  d'Or  Austra- 


liei 


i,  511 


—  earliest  of  Western  Australia,  3 

—  Kalgoorlie  gold-lield  showing  general 

run  of  principal  foimalions,  508 

—  mining,  14S,  149.  jcS,  511 

—  Western  AusirjJia,  showing  position 

orgold.fiiljs,4 
Marble    liar    district,   gold   production, 

1900-1,  600-605,  ^13 
Mardner  or  roasting  process,  334 
Market  price  and  intrinsic  value  of  mine 

shares,  compared,  502 
Melvina  mine,  Colorado,  94,  105 
Menzies  Conso  idaled  Gold  Mines,  Ltd.,. 

produclion,  1900-1,  614 

—  cost  of  shaft  sinking,  167 

—  diitnct,  gold  production,  1930-1,  631- 

—  and  Ka'okjnie  railway,  448 
~  Lady  Shenlon  Reef,  64 
Mercury  dissolved  by  cyanide,  385 
--  loss  in  Riecken  process,  390 
Melton's    Reward    North,    production,. 

Melamorphic  rock,  Coolgardie,  33 
Meleorol laical  conditions,  10,  13,  ly. 
Microscopical  examination  of  ores,  99 
Miller's  chlorinalion  plajil,  339 
MlLXtNG,   adaptation    of    methods    ti> 


—  blanket  tables,  231 

—  —  —  North  Boulder,  331 

—  blankets,  use*  of,  119 

—  Blanlon  cams,  33$ 

—  brownslone,  nature  of,  reason  for  low 

duty  of  stamps,  219 

—  canvas  strakes,  335,  33a 

—  causes  of  loss  in,  316 

—  concentrates  increase  with   depth  of 

mining,  338 

—  conditioru  affecting  cost,  350 

—  copper  plates,  grade,  235 

—  costs.    Great    Boulder.      Sti  Great 

Boulder  and  Tables 

at  Ivanhoe,  32S 

of  ore  breaking,  238 
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MiLLiNO,  drop  orstAmps,  315,  ail,  136 

—  dr7  utd  wet-cnuhing  compkTM,  144 

pulverisen,  advanlsges  of,  248 

stunp,  outpil  p:r  hoise-powet,  24fi 

—  dust,  btiquelting,  349 

—  —  collectore,  3^5 

—  dntj  of  Biunps,  337,  338,  333,  336, 

380.  397,  3^8 

—  txAy  high  coats,  3S6 

—  effect  otdirty  waler  on.  318 

—  evil  effects  of  dun,  248 

—  cxtMction   influenced  by  fineness   of 

crushing,  317 

—  fine  dost,  high  value  of,  343 

—  0«te*  crusher,  capainty,  azj 

—  Griffin  miUs.    Sa  Griffin  Mills 

Binding -pan,  330 
nnlington  mills,  133 


5ini 


-  labour  in  battery,  117,  335 

-  lonet  in  early  days,  317 
inoldmiflt,  318 

-  mercury,  cost  per  Ion,  Z27 
■•  —  loss  per  Ion,  336,  337 
teeovety  of,  336 

-  mortar  box,  weight  and  dimensions, 

33S.  »37 

-  nature  of   ore  influences    choice    oE 

crashing  plant,  347 
-~  order  of  drop  of  stampt,  136 

-  percentige  of  "  " ~  ' — 


from  brown- 


-^  recovery  of  gold,  relative,  330 
percentage  of,  337 

—  tolls  and  ball-mitU,  comparative  re- 

sults, 145-247 

cost  per  ton  crushed,  345,  I47 

outpjt,  34s,  147 

—  sampling  madiinc,  339 

—  aandj   and  slimes,  proportion  of,  in 

pul[>,  337 

—  screens,  135,  137,  333,  337 

analysis.  Golden  Horseshoe,  339 

typical,  317 

—  sliminess,  causes  or,  316,  3iS 

—  special  points  in  local  practice,  344 

—  speed  of  stamps,  325,  Z31 

—  stamp  dies,  337 

duly  of,  219 

heads,  225 

Items,  weight  and  dimensions,  325 

breaksge  of,  349 

. tappets,  32S 

—  tailing  p'-imp,  135 
trealmeol,  ^1 

—  temperature,  emct  on  •mi^am,  349 

—  tests,  with  and  vitbout  front  plates, 

336 

—  typical  plants,  3U 

—  water  consumed  per  h;»d,  332 
temperature  of,  33i|,  349 

—  Watson  and  Denny  grinding-pan,  S37 

—  wear  of  shoes  and  dies,  317,  136 


Milling,  weight  of  stamps,  337,  338, 
a3t-  335,  236 

—  Wilfley  tables,  249,  366,  3S0,  399,  406 
Mine  costs,  average  on  different  Western 

Auslraliau  fields  473 

—  inspection,  491 

—  manigement,  470 

~^  managers,  not  so  black  as  painted,  479 

—  profits,  tax  on,  492 

—  r^ulations,  493 

—  shares,  speculative  coefficient  of  value, 

503    , 
Minerals  and  metals,  accessory,  in  Kal- 
goorlie  ore,  97,  103,  395,  29S 

—  indicative  value,  38 

—  paragenesis,  38 

—  quantities   and    values   produced    in 

Western  Australia.  I900-I,  610 
Miners'  homesteads,  479 

—  right,  4S6 

Mines  Development  Syndicate,  Limited, 
piodu^lion,  1900-1,  615 

M  jiing  and  treatment  of  salpho-teUuride 
ore,  general  cost  at  present  time 
588 

—  districts,  601-605 

—  experts,  JOl 

—  industrial  importance  of,  478 

—  laws,  479-48S 

—  madiinery  duly,  497 
rates  (rf  carriage,  446 

—  practice,  advances  in,  478 
Mint  charges,  tib!e  of,  4^ 
Mixer,  331 

Mixing  tanks,  Iranhoe  sulphide  proceii, 

Molybdenite,  Coolgardie,  3S 

Montejus  and  pumps  compared,  384, 340, 

34',  406 
Moan-Aocbor  Mme,  Cripple  Creek,  104 
Moonlight  lead,  Kanuwna,  54 
Moraine  Star  leases,  production,  1900-1, 


lung  Sta 


Monlden,  J.  C,  first  discovery  of  tella* 

rides  in  Western  Australia,  109 
Mount  Burgess,  69 

reservoir,  138 

Mount  Ida  Consols,  Limited,  prodnclion. 

Mount  Magnet  district,  gold  production, 

1900-1,  601-63J,  613 
Mount  Malcolm  district,  gold  production, 

1900-1,  631-605,  613 
Mount  Malcolm  Mines,  Ltd.,  production, 

Mount  Marga'rfl  Guld-fieU.    .&>  Tables 
district,  gold  production,   1900-1, 

Coi-605,  613 
Mount  Morgan,  cost  of  chlorination  at, 

391 

of  dry -crushing,  34S 

dry-crushing  at,  346 

Richards  furnace,  318 

vat  chlorinilion,  39 1 
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Mount  Ynle  "  Rush,"  64 
Monntain  Lion  Mmc,  Colorado,  106 
Mnlga,  cost,  17S 
Multiple  heartb  furnace,  jzS 
Murchison  eold-field.     Sn  Table* 
Mustud  gold  at  Cripple  Creek,  94 

Ki^ooilie,  94 

Mysore,  tounnaline  Msociiled  with  \jA^ 
at,  IC9 


NANNrNB   diclricl,   gold    produ.:lion, 

19CO-1,  601-605,  613 
Nat've  pay  in  Soulh  Africa,  460 

Natural  amalgam  (Kalgooilie),  97 

New  Austial  Company,  Limited,  pioduc- 

New  Zealand,  dry-crushing  in,  246 
News,  publication  of,  499 
Nia£arB,  tourmaline  associated  with  gold 
at,  109 

—  district,     (old     production,    1900-t, 

601-605,  613 
Noo-sedimeniary  auriferous  rock,  61 
Norseman  Gold  Mines,  Ltd.,  condensers 

at,  134 

costs  and  returnp,  475 

production,  1900-I,  615 

Noith  Boulder  Gold  Mining  Co-,  Ltd. 

S.I  Tables 

air- compressors,  171 

blanket  tables,  aai 

blanketings,  assay  of,  233 

ccnsumption  of  candles,  1S5 

cost  of  development,  199 

of  milling,  234 

of  itoping,  2C0 

costs  and  returns,  475 

cyanide  bullion,  fineness,  J73 

consumption  of,  370 

—  —  cyaniding,  cost  of,  371 
discovery  in,  153 

distribution  of  costs  at,  460 

eitiaction,  271 

formations,  51 1 

Hunting*on  mills,  233 

costs  and  results,  320,  221 

laboratory  experiments,  265 

Isbonr  in  battery,  235 

percentage  of  recovery  by  milling, 

a»o,23S 

of  slime  in  tailings,  266 

production,  1900-1,  614 

sands,  assay  of,  333 

—  —  screening  tailings,  267 
sizing  tests,  267 

kasten,  167,  168,  373 

moisture,  perceotafie  of,  366 

plant,  368,  269 

preliminary  tests,  265 

results,  370-373 

treatment,  352,  365 


North  Boulder,  tailings  tteatmeni,  costs, 

271 
Norlh-East  Coolgardie   gold-field.    Su 

Tables 
North  Lead,  Kanowna,  54,  55,  56,  59, 

60,  63 

1  ori^n  of  gold,  60 


I^nEgets,  S,  4],  63,  3S8 

—  Bobby  Dauler,  5 

—  at  Bulong,  63. 

—  at  Kumdpi,  63 

—  Simmons  and  Hart's,  63 
Kullagioe     district,    gold     pioduc 

1900-1,  631-605,  613 


Ocean  freights,  London  to  Ftemantle 

ind  New  York,  450,  451 
South  Africa  and   Australia  com- 


—  physical  character  of  mineral  tnitable 

for  concentration,  41 1 

—  process,  40S 

character  of  oil  used,  409 

concenlrates.  treatment  of,  414 

cost  of,  414 

description  of,  4C9 

lossofcrilin,  411 

principles  of,  409,  4>t,  413 

recovery  percemage  from  concen- 
trates, 414 
nving  ifTected  by.  413 

—  —  tests  made  with,  412 

—  quantity  per. Ion  of  ore  roasted,  414 
~  residuum  and  coal  used  io  Colorado,' 

434 
coal  in  Colorado,  434 

—  —  use  in  toasting,  423 

—  selective  action  on  u.inerals,  409 

—  separation  from  concentrates,  4 1 1    - 
Operating  expenses,  percentage  of  rail- 
way charges,  447 

Ophelia  Lease,  48 

"Oke"    and    "formaiion,"  distinction 
between,  86 

—  bagging,  cost  of,  196 

—  blocked  out,  506 

—  blocking  out,  1S7 

—  coolers,  300,  437 

—  Cripple  Creek  and  Kalgoorlie  com- 

^sred,  393  - 

—  cubic  feel  per  ton,  199,  560 

—  export  tax  on,  493 

—  grade  of,   effect  on  extraciion,   118, 

3'7 

—  in  sight,  188,  506 

—  loss  of  weight  in  roasting,  314,  336 

—  manganese,  at  Kalgoorlie,  39&        - 

—  microacopical  examination  of,  99 
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mpling,  1 
Dcltcd,   r< 


Oke,  naluK  or,  aRecls  costs,  3t4 

—  puailelism  of  formalioni,  195 

—  ntilway  rates  on,  297,  449,  4^0 

—  rebate  on  carriage,  4  (9 

—  rerractory  minerals  in,  19;,  398 

—  lesenes  and  life  of  miats.,  50a 
—     -tionor,  188 

186,  187 

s  from    leai^ing   Kal- 
Kooclie  mines,  1897-1901,  580 

—  stoping  to  secure  unirormily,  562 

—  sulpbqr  conlentF,  Cripple  Creek,  192, 

419 
— Kalgoorlie.    Sit  Descriptions  of 

Sulphide  riants 
-^  tonnage  sloped  'per  man   per  diem, 

—  volatility  and  comparative  value  of,  at 

Cripple  Creek  and  Kalgoorlie,  321 
Ore-bodiet,  difficulties  of  sampling,  BS, 

186,  187 

effect  of  water-level  on,  92 

■  enrichment  discussed,  ill 

exceptional  width  of,  194 

impoverishment  discussed,  113 

(Kalgoorlie)  changes  in  dip,  90 

—  —  —  displacement  m,  90 

distribution  of  telluride  in,  103 

dip  of,  90 

lenticular  nature,  86 

overlapping  of,  S6 

"pitch''  of,  88 

recurrence  of,  86 

searching  for  lost,  87 

surface  aJteralioo,  91 

enrithmcDl  of,  9S 

widii;    of,    89,    191-193.      Sa 

Descriptions  of  Mines 

—  —  topographical   features   a  poMible 

oxidation,  effect  of  width  on,  93 

persistency  in  formation,  194 

primary  enrichmenl,  113 

secondary  enriehmenl  of,  112 

sisea  and  values  in  various  mines, 

191-193.       Sa  alio   Descriptions 

of  Mines 

surface  alteration,  depth  of,  92 

Oregon  pine,  178,  4SS 

Origin  of  gold,  25-milr,  47 

Oroya,  ore  treated  at  Ilannan's  Slar,  376 

"  Outcrop  "     ore-bodies      (Kalgoorlie), 

Ontiide  miner,  perceolage  of  production. 


Oxidised  ores   lime  of  golil  eilraclion 
in  tilter-piess,  363,  321 

—  —  trealmei  t,  2t6 

—  sands,  Lake  View,  274 

Paddington  ConsoU,  Limited,  produc- 

Pans,  gold  recovered  by,  241,  243,  313, 
337.  34*.  348,  397.  400 

—  influence    of    t  mperature    of  water 

rsed,  331 
Pape-IIenneberg  condenser,  135 


ParafBn 


'.  =S4 


Paragenesis  of  ni 

raiallel  courses  of  ore  (l£^il(;oorlie),  88 

Passes,  172 

—  dimensions  of,  173 
Pa;ena  Lease,  48 

"  Patent "  title  to  ground,  490 

—  processes,  failure  of,  399 

Peak  lIiU  Uold  Fields,  Limited,  divid- 
ends and  production,  1900- 1,  609, 
614 
Peak  Hill  Gold  Field.     Srt  Tables 
Pearce  turret- funiace,  results  in  Colorado, 
419 


499 
Piece  work,  460,  500 . 
Pig-styes  in  slopo,  179 
Pilbarra  Gold  Field.    ^TaUcf. 

discovery  of,  3 

Pinyalting,  tourmaline  in  ore,  109 
Pipe,  teals  required,  140 

—  line,  Coolgardie,  138 
cost  of,  I40 

—  ^-  laying,  141 

Pipeclay,  at  Kunanalling,  4] 

Plaster  (f  Pariii,  diflicuitiei  with,  how 


"  Platj,' 


;,  334 

-  formation  in  roa-ted  01 


169 


■  3*3 


—  cost  of,  1 . 
Pneunalic  prospector,  36 

—  separators,  242,  301,  303 

"  Poppet  I^B,"  coirstiuciion,  t6o 

erection  of,  i6i 

Ivanhoe,  161 

Porphyrilic  rorks  (Kalgoorlie),  80 
Poller  Gold  King,  Cripple  Creek,  107 
Potassium  cyanide   consumption,   Dlchl 
process,  373.  381 

—  femcyanide,  aition  o'',  3^0 
Potholes  in  bed  rock,  25-mile,  47 
Premier  Gold  Mining  Co.,  N.L.,  divi- 
dends, 40 

dividends,  1900-1,  6J9 

Price's  candles,  1S5 
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Princess  Roful  GoM  Mining  Companj', 
Limiled,  dividends  uid  produc- 
tion, i^oo-i,  609,  61; 

Proc«ses,  points  deterounii^  value  of, 
407 

Producer  gu,  336 

Ptoduclion  of  goiil,  compariton  of  Rand 
and  Weatem  Aoslraliu,  6 

—  limit  of,  543 
FroiDOler^,  499 
Props,  cost,  179 
Prospecting  areax,  4S1 

—  K«lgoorlic,  150 

—  protection  area,  quatli,  4S1 
Pioustite,  103 
PyrBrargyritc,  103 

FrovisiDns,  cost  ol,  Western  AostrtUi*,  463 

at  Johonneslinrg,  463 

Public  cntihing  batteries,  49$ 
"  Pug,"  »sbolite  in,  61 

—  calcite  nodules  in,  67 

—  at  Kanowna,  58 

—  origin  of  gold  in,  61 
Pumps,  air  driven,  17Z,  365 

—  and   montejus,   compared,  3S4,  340, 

341,  406 

—  centrifugal,  265 

*~  tailings,  364.  ^Descriptionsof  Mills 

—  three-throw,  for  filter-presses,  341 
Pyrites,        ouriferouE        pseudonorphs, 

Kanowna,  J  J 

—  gold  in,  SS,  loS 
Pyroxenite  at  Kalgoorlie,  74 


Quartz  reefs,  Coolgardie,  37 

—  replacement  ofrockconititnentsbj,  98 

—  veins,  superficial  enrichment,  81 
-^  breccia  at  15-aiile,  43 

Quart  E  -  orlliockse  -  plagioclase  rock  at 
Ktlgoorlle,  79 

Queen  Margaret  Gold  Minini;  Compmy, 
Umited,  dividends  and  produc- 
tion, i9cx>-i,  609,  614 

Queensland,  cost  and  sjiccd  of  shaft 
siniiine,  166 

Queensland  Menzies  Gold  Mining  Com- 
pany, N.L.,  dividendiand  produc- 
tion, igoo-i,  609,  614 

Q.E.D.  Lead,  Kanowna,  54 


of    working,    compared   with     : 

■   ceipts,  448 

—  effect  on  cost  of  living,  463 

—  pnge.  7 

—  importanc 


449 


:e  of,  in  new  countries,  4. 


mile,  448,  449 

preferenlial,  493 

—  sialistics.  Western  Australia,  4.14 


Railway  tariff  rale?,  443,  449 
lUiinfall  of  Western  Australia,  10,  13, 13 
Rand,  analysis  of  iTotliing  cosls,  455, 
456 

—  average  working  cost,  456, 457 

—  cost  aikl  spee<l'of  shafi  sinking,'  166 
of  driving  levels,  177 

-ofe»plosi»e.  177.  454,  4SS 

of  lighting,  1S5 

—  cost-keeping  on^  476 

—  percentage  of  d.vidends  to  gold  re- 
'        '  turns,  430 

—  production    of  gold   oompared   with 

Wotcm  Australia,  6     ' 

—  speed  in  driving  compared  with  Kal- 

goorlfe,  17s,  177 
Red  Cloud  Mine,  Colomdo,- 104 
Redemption    of      mines,     development 

charges,  588  - 

Redjang  Labong,  398 
Re^ng  rerard  claim,  4S3 
Reefs,  capped  by  cement,  6g         ■   -    - 
Reforms,  possible,  476        ' ' 
Regulation  of  output,  500 
Reiien'oiTS,*ll9  - 

Residues,  value  of.  Great  BouUer  Peiw 

verance,  350 
Return-water,  goUI  in,  .3S5 
Reward  claims,  4S3 

alluvial,'  483 

on  prospecting  area,  48} 

—  lease,  483 

Richards  roasting  furnace,  336 

"  Rickardite^"  116 

Riecken  process,  advantages  claimed  for, 

3«.387 

anodes,  389 

consumption  of  ryanide,  387,  390 

description  of,  380-389 

electric  current  denaly,  387 

electrical  horse-pi)  wer  lo  pre;ipilate 

cold,  387 

eleclro-vat,  capacity  of,  389 

construelion,  388,  389 

entraclion,  390,  394 

— loss  of  mercury,  38a 

power  required,  390 

slrenelb  of  current  required,  387 

— ofsolution,  390 

Roasted  ore,  residual   sulphur  in,  330, 

336.  348,  377,  4'7.  4'9.  4*6,  4*7 

sampling,  336 

ROASTIKC,  advantage  of  oil  for,  4(4 

—  agglomeration  of  ore  caused  by,  414 

—  and  cyanidir^  telluridc  ores,  poifttc 
■        in,  416  - 

—  anthracite,  experimental  use  of,  3I0 

—  area  of  hearth  requiretl  lor  coolii^ 

437 

—  cooling  floors,  333 
the  ore,  437  ■ 

—  consumption  of  firewood,  Ka'gootlie, 

■  418,  4»'-423 

—  costs.  Cripple  Creek,  391 
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-RoASTiNC,  costs  of,  st  Kalgcorlie,   418 
.   ^  Descriptions  of  MillE 

—  "dead,"  object  of,  311 

—  decrepiUlion,  436 

— ^  determinMion  of  sulphur,  417 

—  difficulties  io,  350 

—  difficulty  in   reguUting  wood  firing, 

423 

—  ill  St  fomied  in,  346,  41? 

-  -:-  efleit  of  nature  (if  ore  on,  424 

of   conttiuclion    of    furnaces    on 

firing,  4*3 
-^  —  of  waterof  hjdisliun,  4:6 
^  —  of  cii  in  concEHtratef,  414 

—  eiperiments  with,  314,  319,  310,  311 

—  facilitating  crushing,  4211 

— ■  fonnation  of  sulphides  and  buic  sul- 
phates, 4IJ 

—  fuel  consumplion,  410-434 
kind  and  quality  used,  410 

—  fiitnace,  dim^nsioii^,  300 

Edwards,  334 

Lake  View,  377 

operating  difficulties,  330 

.  r^- :—  producer  g^N  use  ol,  3j6 

rabbling,  377 

Kichnrds  Ij)  e,  capacity,  3jO 

cost.  330 

consumption  of  fuel,  330 

stra^ht  line,  300,  391 

temperaluie  ot  gaser,  330 

ttoublet  with,  300, 41& 

—  gas  GiJDg  for,  3^6 

rr-  inflaence  of  various  factors,  418 

—  liability  of  ore  to  "  frii,"  425 

—  limit  of  sulphur  in  roasted  ore,  416, 

4*7  - 

—  lossofdust,  377 
of  gold  in,  314 

ofweigbl,  314,330,  377 

—  mechanical  conditions  desirable,  42B 

(umaces,  dijadvantages  o',  420 

losses,  314 

—  —  preparation  of  ore,  effect  on,  425, 

428 

—  mixture  of  oie.  Cripple  Creeli,  426 

—  need  of  dry-crushing  for,  320 

—  cnl  reaidnum,  use  in  Colorado,  423 

—  —  used  per  ton  of  ore  roasted,  424 

, —  ore  roasted  per  ton  of  fuel,  422,  424 

—  petci:ntaee    of    tellurium    renuining 
- .    after,  314 

' —  possible  improrrment  in  methods,  42S 

—  legulation  of  lempcralure,  426 

—  residual  sulphur,  330,  336,  348,  377, 
-     417, 4'9,  426,  427 

—  salts  in  naier,  effect  on,  320 

—  soluble  salts,  effect  on  consumption  of 

cyanide,  318 

—  Tasmania  Cold  Mining  Company,  le- 

—  tellurite  of  iron,  formalioo  0'',  314 

—  temperatore,  eflectonmlublesalii,  425 

—  —  ol  lunuice!,  Cripple  Creek,  41S 


ROASTINR,  types  of  furnaces  emploreif, 
418 

—  unifonuitj  of  furnace  charges,  426 

—  use  of  producer  gas,  4=3 
Robins  firewood  conTcyor,  306 
Kock  dredging,  Fremantje,  45a 

—  drills,  170 

"  lilchering,"  170 

types  in  use,  171 

Rock  of  Ace*  lease,  48 

Kockl,  underlying  tK-^oorlie),  71 


Rolls,  Stearns- Roger.  303 

Ropp  furnaces,  303,  304,  352,  356 

Roscoeliie  as«)cia.ted  uith  calaveiite,  109 

sjUanite,  109 

Rothwell'i  water-iacluted  cooler,  427 
Royal  Mint,  Penh  branch,  466,  467 
Ki^y  I.e«ses,  48 


Safety  appliances,  169 

SalamuidN  reions,  280 

Salmon  gum,  181 

Saltwater,  cost  of,  131 

"Saltinc,"498 

Sampling,  care  necessary  in,  558 

—  and  crushing,  cost  at  Color^o,  426- 

—  difficuhies  of,  88,  186 

—  mechanical,  187 

—  obserTaiions  and  notes  on  (reference)^ 

430 

—  on  Kand   and  Kalgoorlie  compared, 

1S6 

—  panning,  1E8 

—  precautions,  187 

t-aiid  and  clay  dredging,  Fremaolle,  453: 
"  Sand  plains,"  water  in,  III 
Sandrmk,  Kunanalliog,  43 
Sands,  Talue  in  Ivonboe  sulphide  process^ 

«an  a  ^^'n  " 
SaTanne  min 

Scale  of  treatment,  importance  of,  soo- 
^cheelite  at  Coulgardie,  39 
Schists  at  Coolgardie,  29 

—  at  Kanowna,  J4 

Secondary  deposits  ol  gold,  63,  95,  112- 
' —  qnaiti,  Kafgoorlir,  too 
Sedimentary  formations,  Coo^ardie,  7s 
Selenide  of  gold,  ir4'-i07,  298,  319 

—  of  silver,  298 

.  Seleniom,  198  ... 

Separators,  pneumatic,  241,  30I,  30^ 
Serictte  in  lode-siulT,  Kalgooilie,  99> 
Serpentine  at  Kalgoorlie,  74 
Settlers,  238 

—  fineness  of  pulp  discharged,  33T 

—  speed,  237 
Settling  dam>,  251,  263 
Shafts,  "box-lined,"  16^ 

—  cages,  168 
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Sbafls,  contract  piice  of  sinking,   166, 
167 

—  cost  and  speed  of  sinking,  166,  167 

Queensland,  166 

at  Meniits,  167 

of  sinking,  East  Mutchison,  167 

'■ dependent  on  speed,  168 

with  machines,  167 

—  deepest  at  Kalgooilie,  163 

—  dimensions,  165,  166,  167 

—  enlargement  of,  167 

—  eqnii>ment,  158,  168 

Ivanboe  mine,  161 

Lake  View,  161 

—  I^e   View  and   Bonlder  Tunclion, 

166 
-^  main,  table  of  depths,  161 

—  "plats,"  169 

—  Tttuon  agunst  earl^deep  sinking,  15S, 

164 

—  safety  appliances,  169 

—  —  pillus,  158 

—  selecting  position  for,  157,  15S 

— :  sinking  in  Western   Australia,  com- 
poied  vitli  Rand,  15S,  167 

—  die  regulated  by  output,  16S 

—  »kip«,  169 

—  timbering,  168 

—  underlie,  168 

'  —  watei-raising,  1 70 
Shsreholdera,  colonial  protcctiai:  of,  544 
Sbaics  to  bearer,  544 
Sbelf-cooler,  417 
"  Sbcpberded  "  claims,  499 
Sherlaw's  mine,  gypsum  in,  39 
Shops,  lepairing,  315 
Signal  Code  in  mines,  49a 
Silica  in  Kalgoorlie  ore,  393 
Sim   and   Greson,  discovery  of  Fiuioy 

'  Sim's  claim  (Kanowna)  auriferous  fel^tic 

dykes,  63 
Simmons  and  Hart,  discovery  of  nugget, 

63 
Sinking  Fund,  provision  of,  499 
Sizing  analysis,  217,  129,  351,  351,  267, 

184,346,353,377.    i>«  Anal)  SIS 

—  tests.  North  Boulder,  167 
Skips,  169 

"Slickenfid(s"  (Ka'gootlie),  115 
Slimes,  ctassifica'ion  of,  3S4 


iSK'.; 


n  value  of,  353 

—  difficulty  in  leaching,  319 

—  (ITect  of  tumps  on  extiaction,  266 
of  roasting,  upon,  306 

—  fineness,  of  Great  Boulder,  338 

—  KalgDOilie    and   Rand,   nature   com' 

pared,  258 

—  methods  of  treatment,  253 

—  percentage  in  agitator  pulp,  378 

—  tiea\menl,  Hannau  StaisalphidemlH 

37'  .    ,       -. 

—  —  cosM.  IaVk  View,  276 


Slimes,  lalue  of  Ivanboe  sulphide  pro- 


393 

—  at  KalgoorlJe,  395 

—  bonus  on,  495 

--  fluxes  nted  locally,  403 

—  fuel  used  locally,  404 
-'pradeofoie,  396 

—  iron  and  lime,  effect  of,  396 

—  lead,  c<^per  and  oihei  metals,  effect 

of,  295 

—  rebate  on,  396 

—  recovery  by,  in  Western  Aostialia,  39$ 
— ^  silica  and  alumina,  effect  of,  393,  396 

—  size  afore  "spalling,"  296 

—  tariffs,  39G 

—  water-jacket  furnace,  297,  403 

—  Western  Australia  advantages  claimed 

for,  396 

—  wharfi^  and  agency  charges  on  ore, 

Smuggler  Mine,  Colorado,  no 
"Soaks,"  7,  130 
Soden's  Claim,  Kanowna,  57 
Sodium,  eiiecl  ou  mciiury  iRiecken  pro- 
cess), 38B 

—  sulphide,  use  in  cyaniding,  256 

Sons  of  Gwalia  Culd  Mining  Company, 
Limited,  dividends  and  prixluc- 
lion,  1900-1,  609,  614 

Sorting,  advinlnges  of,  185 

^  on  (lumps,  1 36 

—  or  Rand  and  Kolgoorlie,  185 

—  underground,  185 

South  Africa,  cost  of  cyanide  per  oz.  of 
Eold,  4'7  ■,    . 

cf  eiplosives,  301.  454,  456 

^  of  erecting  machinery,  448 

distances  from  ports  to  gold-fields, 

446 

early  cost  of  transport,  44S 

— . —  payment  by  piece  nork,  4G0 

^  —  railway  rales,  444 

South    Kalgurli  GolJ    Mine^   LimileJ, 

amalgamating  pans,  341 
capacity  of  original  plant,  243 

—  —  cost  of  treatment,  1899,  242 
discoviry  in,  153 

Griffin  mil,  341 

—  —  mills,  240 

production,  1900-1,  615 

loasling  furnaces,  241 

tnlpbide  wotka  (new),  390 

— agitation,  lime  of,  391 

—  —  —  —  capacity,  393 

tiean  up  at,  393 

electro  vats,  dimenuonJt,  :9> 

■: resulii  and  cost  of  treatment^ 

392 
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Soulh  Lead,  Kanowna,  54 
Soathern  Cross,  mining  ax,  474 
Specking  for  gold,  42 
Speculation  in  mininj;,  478,  508 
SpecoUiive  coeFRcient  of  value  of  mine 

shares,  503 
S|hU  concentrates,  t:ealnienl  in   S'mlh 

Africa,  315 
Spitzkasten,   3<J.      Srt  DercriptioDs   of 

Mills  ■       :"' 

Sintzliitlen,  354.  Jc/pescrip'-ton^iif  Mill* 

Sponge  gold,  loS  "  

Square  Kts,  Golden  '([oKeshoc,.  183 
Stamps.     .^/^  Milling 
Stanis'aus  mine,  Califom'a,  1*05;  Iio 
Statistics,  diffik-uhies  in  ccAipilalion,  580 

—  uniformity  deslftble  ht,  476 
Steamer  freights,  %t,o,  451,  45* 
Steamt-Roger  rolls,  303 
Steatite  clay  al  Kanouna,  51 

"  Slep-faullB,"  546 
Stibiotantaliic  associatrd  nith  tin,  39 
Slockwerks,  Coolgardie,  36 
StoiMDg  costs,  Associated,  2c6 

Golden  lloi^:>hoe.  3o6,  316 

Great  Boulder,  206 

Hanaan's  Oroya,  2o6 

Ivanhoe,  106 

Kaleurli  Mine.  208 

—  propoiiioD  of  lelluriile  in  Ivanhoe  ore, 

—  pyranndai,  544 
Slopes,  179 

—  cost  of  candles  ptr  min,  185 

—  —  per  cubic  foot  broken,  200,  616 

—  crois  sloping,  179 

,—  factor  iDAueniinj  costs  of  sloping, 
ao3,  214 

—  filling  with  tailings,  179 

—  machine  drills  in,  180 

—  pack  walls,  179 

—  pig-styes  in,  179,  182 

—  precantions  in  filling  niih  tailing;,  179 

—  rOCkfiUinE,  179 

—  tonnage  broken  per  man,  201,  203,  616 
Slratigraphicol  features  of  Rhodesia  anj 

Kalgoorlie.  Si 
Stralton's    Indepcndincc    (Coolgardie), 

Stroctnre  of  "  oolcrop,"  ore-bodies  (Kal- 
goorlie), 91 

Slulli,  iSi 

Sogailotf  Mine,  4; 

SuUiTan  diamond  drill,  156 

Sulphate  of  lime,  effect  of  temperature 
on,4»S 

Sulphide  ore,  percolation  treatment,  30t, 
303.  3*5.  355.  397 

tieatment,  290-443 

—  Boulder  Main  Keef  proce^  307 

'— concentration  as  an  auxiliary, 

3'?,.. 


Sulphide  ore  tttalment,  I^iecken  process, 

307  '      . 
-~  ores  amalgamation,  object  of,  310 
tests  3'3i  3'4 

—  —'character, in fiuencE  of,  on  treatment, 

290 

—  —  cost  of  shipping  and  smelting,  297 

early  methods  of  treatment,  299 

Great  Boulder,  analysis  of,  298 

recoveries  from,  291,  343, 35^  386, 

394,  400,  402,  429,  S04 

■  roa-led,  objects  of  chi  ling,  322 

Table  of  rf  turns  at   leading  Kal- 
goorlie mines,  i897-i9or,  580 

—  —  typical  analysis  (Ivanhoe),  400 

■:—  ■ —  tiealeit  by  cy!iiiiilcr,298 

by  smelting,  analysii  of,. 298 

Sulphide  treatment,  advantages  of  rat- 
ing. 3" 

sweet  roasling,  neceEsaiy,  311 

Sulphides,    natural,    action   of"  cyanide 

solution  upon,  311  ."'    '  " 

Sulpho-lcllurific  ore,  sorting  ID  Dijoe,  i8j, 

treitmenf,  general  principle;,  308, 

407,428 
Sulphur.  .5>r  Roasting,  Residual  Sulphur 
Sunday  closing,  465 
Sunshine  Mill  (Utah),  416 
SuperRcial  enrichment  of  quartz  veins,  S3 
Supplies  monthly  expeodiiucc  on,  496' 

See  also  Cost 
Surface  enrichment,  iS 

—  haulage,  215 

Sydenham  mines,  copper  in,  38 
Sylvanite  with  ro'coelKC,  tog 

—  at  Colorado,  104 

—  at  Kalgoorlie,  104 


Tables,  analyses  of  bulk  lots  of  Kal- 
goorlie sulphide  ore,  309 

—  analysis  of  gold  production,  Kalgoorlie, 

1900,  514-517 

of  mining  costs,  Golden  Horieshoe 

in  1902,  616 

—  area  of  leading  Kalgoorlie  mines,  580 

—  Associated   Gold   Mines  of   Western 

Australia,  cost  of  sulpha- telluride 
treatment,  1901-1^02,  433 

—  authorised  caoital  of  Leading  Kalgoorlie 

—  average  rates  of  wages,  1899-1931,608 
yields  of  leading  Kalgoorlie  mittes 

up  to  1900,  580 

—  corts  at  various  mines  in  1S98,  195 
at  North  Boulder,  1898  and  1^99, 

Diehl  Process,  Lake  View  CenioU, 

1901,  382 

of  labour  in  South  Africi,  45S-457 

—  ~- of  milling,  Golden  IIorse^oe,i900, 

230 
Great  Boulder,  1899-1930,237 
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Tables,  coils   of   inilling;.  it  tvunhoc, 

1899-1900,  328 
liike    View,   oxi  ised    ore, 

Norih  EouUet,    189S-1899, 

»34  .  . 
of   mining  and    milling,    Katcurii 

in  1S91,  20S 
of  power  and  Ireolnen',  Hannan'i 

Slar,  37S 
tf  Mvcn    leading   n-.iaes  at  Kal- 

gcorlic  190a,  110,  zii 

—  co*l    of    sulphide    irealment,    Lalic 

View  Consoli,  1901,  379 

(supplenWiUry),  431-443 

of  supplies  in   Soutti   Africa  nr.d 

Western  Austialia,  454,  455 

—  cyaniding   oxidised   »nil;,  colli   and 

tesults  Ivanhoc,  1S99-1900,  279 
Lake     View,      1898- 

1900,275 
slimei,  costs  and  results,  Ivan- 

boe,  1899-1900,  381 
Lake      View,     1898- 

1901,  476 
tiilings,  coits,  Great   Boulder, 

a7a,  273 
North  Boulder,  271 

—  cyanide  relumi  at  leadine  Kalgoorlie 

mira,  580 

—  deaths  from  accid<  nl,  597 

—  depths  of  main  shafts,  162 

—  cZeveiopmeni  work  in   various  nines, 

189.  190 

—  distribution  of  gold  in  Kalgoorlie  ore, 

308 

—  dividend",  l9oo-i90t,  609 

—  dry  crniihing  costs  and  retults,  Hoont 

Mo^an,  245 

—  estimated  cost  of  production  in  1899 

Bt  several  leading  mines,  197 

—  extraction  percentage  of  Great  Boulder 

Mam  Reef,  1901,  434 

—  gold  bullion,  value  ptr  oz.,  leadiog 

Kalgoorlie  mines,  1900,  5S4 

—  gold,  diitribullon   in  Kalgoorlie  sul- 

phide ores,  30S 
produced  and  ore  raised  per  man, 

459 
pioduction  (total)  Kalgoorlie  mines 

to  1900,  514-518,  601-60; 

producing  mines,  1900-1,  613 

Western  Australia,  coraposiiion  of, 

2SS 

—  Golden    Horseshoe,  sul]jho-t(lluri.'>e, 

(battery  sands  and  tliTes),  treat- 
ment. 1901.  44'-'M3 

—  Great  Boulder,  cost,  Eulpho-telloride 

treatment,  431-432 

Main   Keef,   cost,  sulpho-lellu- 

ride  treatment,  1901,  43s 

—  bslt-yearly     gold     production    from 

various      gold-fields,    1897-1930, 
600-605 


Tables,  Hannan'i  Brownh'll,  coit  of 
lulpho- tellnridj  treatmen',  July 
"901.  437.  438 

—  issue  1  capiial  and  markit  valuation, 

1900,  and  prices  of  shares,  1930-a, 
oTle  d  nj  Kalgoorlie  mii.es,  5S1 

—  Ivonhoe,  batleiy  tr^lnicn',  I901j  439 
fine  gold  recovered,  282 

sands  and  slimes  treatment  (results 

and  costs,  1901),  440 

Gold    Corporation,     schedule    of 

expenditure  on  plant,  machinery, 
eic,  590 

sulpho-tellurlde  trealm-nt  (results 

and  costs,  1901),  439,  440 

'—  leading  mines,  showing  issued  capital, 
ore  reserves,  assay  value,  percent- 
age of  extraction,  yield  of  hullion, 
and  production,  19:12,  and  pre* 
viously,  504-505 

—  mills  in  different  districts,  1897,  220 

—  mineral     production,   Weitem   Aus- 

tralia, 19CO-1901,  610 

—  Mint  charges,  468 . 

—  monthlygold  production,  from  various 

gold-fields,  1900,  599 

—  ore  bodies,  size  and  valtte  in  various 

mines,  191-193 

—  oxidised  ore  treated  at  leading  Kal- 

gooriie  mine',  1897-1901,  580 

—  producliun  and  dividends,  Kalgoorlie 

mines,  1898-1901,  514-517,  580, 
5S3,  6c9,  614,  615 

—  quantity  ind  value  of  gnld  entered  for 

export  and  received  at  Royal  Mint, 
Petth,  1896-1901  and  1902,536- 
5S7,  612 

—  rates,  gold  (tcort  service,  468 

—  recovery   by  amalgamation,   concen- 

tration, sands  and  slimes  treat- 
ment, 308 

—  results  of  irtatmei.t  with   ptnin  ar,d 

bTomo-cjanide  comparel,  362 
— ;  return  showing  quantity  and  value  of 
gold  entered  for   export  and  re- 
ceived at  the  Royal  Mint,  Ferlb, 
in  1901,  61J 

—  sands    treatment,   costs   and    results, 

Golden  Horseshoe,  1900.  285 

—  schedule   of   expenditure,  plant   and 

machinery,  etc.  Lake  view  Con- 
sols, 5«9 

—  ilimes  treMment,   costs   and   results. 

Golden  Hotseshoe,  1900,  186 

—  sloping  costs.  Golden  Horseshoe,  1901, 

214,  616 

Great  Boulder,  189S-1900,  267 

—  —  Main  Reef,  1898,  205 

Kalgurli  Mine,  208 

Lake  View  Consols,  205 

—  sulphide  ore  treated  at  leiuling  Kal- 

goorUemines,  1E97-1901,  581    . 

process,  Ivonboe,  eittaclioD   and 

results,  401 
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Tenarid««,  »»»J'BC,  iSS 

—  ftModated  with  fluohle,  loS 

—  ciysUls,  lo8 

—  disliibulion  in  ore-bodies,  K»!cooriic, 

—  or  gold,  Kalgoorlie,  in  vughi,  gS 
-  &nd  iilver,  KBlgootGc,  loj-IIW 


les,  1S97-1901,  5go 
in  in  outpnl  of  leading  Weslem 
Anslraliui    roines,    1900-1,  614- 
61s 
I90i-I9a3,  S<H-S<»S 

—  witget  rale  at  Kaluoorlie,  464 

—  working  capital  of  leuling  Kalgoorlie 

minei^  580 
Tailings,  nceumnlated,  treatment  of,  265 

—  air  lifu,  265 

—  appearance  of,  351 

—  black  tand  In,  251 

—  centrifngal  pampi,  165 

—  dams,  164 

—  direct  treatmenl  of,  373 

—  dispoul  of,  501 

—  dittiibutors,  173 

—  doable  Ircatment,  377 

—  dumping,  belt  convejot  for,  349 

—  "green,"  treatment  of,  151 

—  handling,  363 

—  hj'diaulic  clarification,  Ivanhoe,  277 

—  moi)tDre,  percentage  of,  a6o 

—  neutralising  acidity,  251 

—  Nortb  BouTder,  treatment,  Z65 

—  percen'age  of  slimtln,  lt(t,  274 

—  pumps,  364 

—  ■ —  water  riiE»i  s65 

—  results,  North  Bonldcr  trealmeni,  370, 

371,  373 

—  tands  and  tllmei,  reliiive  proportion, 

252-253 

—  icreening,  267 

—  Milling  damt,  251,  264 

—  tlimirg,  adranlaees  and  disadvantnges 

of;2S4 

—  ran  drying,  367 

—  treatment,  351,  352.    £y  Descriptions 
of  Cjranide   Plants   (Sands   and 


si;™ 


—  use  in  filling  stop'",  1 79 

—  Talne  ond  co~t  of  treatmenl.   Great 

Boulder  Perseverance,  563 

—  wheels,  a64,  366,  380 
Talcoie  rociis,  Coo'gardie,  30 
Tanks  (reservoirs),  opacity  of,  119 
Tarquah  bore-boles,  154 
Taverner  clean-up  process,  357 
Tax  on  dividends,  493 

—  rn  mine  proRts,  492 

Tellnride,  diicoveiies  at  Kalgooilie,  109, 
110 

—  distribution  in  ore,  Ivanhi-e,  S45 

—  ores,  concentration  difficultie)',  4IO 
cyamding  in  Colorado,  311 

' points  in  practice  \a  treating,  416 

. zinc  consumption  in  cyaniding  oxi- 
dised and  sulphide,  257,  417 

—  treatment,  table  of  lestF,  313 


—  sblabilily    of    certain,    in   naoide*, 

3'8 

—  sweating  out  of  go:d,  424 

—  tellniide  of  copper  (Kickardile),  116 

—  unroaited,   act  on  of  brotno-cjanide 

on,  364 

—  volatile  nature,  314 

—  weathered,  109 

—  where  found,  no,  in 

— .  Stt  also  Calaveriie,  Co1or»dfflte, 
Coolgardite,  Goldschroidite,  Kal- 
goorlile,  Krennerile,  Petdle, 
Rickaidite  and  SylvanJte 

Tellurite  ofiron,  94,  322 

Tellurium,  atomic  weliihl,  in 

—  effect  on  cyaniding,  316,  318,  364 

—  graphic.     Set  Sylvanite 

—  native,  in  Coloindo,  104 
at  Kalgoorlie,  103,  104 

—  ochre  ia  Transjlvania,  94 

—  specific  gravity,  iii 
Tellnrous  films,  414 

Temperature  of  gases,  roasting  furnace, 
330 

—  Tanation  in  Western  AnstnUs,  iS 
Timber,  17S 

—  native,  character  of,  17S 

—  in  Western  Ansiralia,  lo 
Timbeiing,  180 

—  costs,  1S2 

—  fonr-piece  sets,  iSt 

—  l^gEing.  '81 

—  Lake  View  Consols,  iSl 

—  levels,  sizes  in,  179 

—  saddle-back,  iSi 

—  square  sets,  182 

—  stullr,  181 

1  in,  associated  with  stiliiotantalile,  39 
1'indal's  mine,  costs  and  returns,  475 
Topographical  features,  a  possible  indica- 
tion of  ire-bodice;  70 

of  Kalgoorlie,  68 

of  Western  Australia,  7 

Tourmaline,  with  gold,  109 
Trade  secrets,  478 
Tramminp,  183 

—  cost  of,  183,  616 

—  quantity  per  man  per  shift,  183,  616 
Tram-port  by  camel,  corts,  448 

—  by  waggon,  cost,  44S 

—  early   cost   of   (Weateni    AastrJhi), 


,«S 


n  Govt,  railways,  469 
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Tr«[ 


ra^ay 


>  Julunnciburg,  446 


TiaDsylvnuia,  telluride  in, 

—  teliuiiam  ochie  in,  94 
Transvaal,   consumption    of   explosiVM, 

"77.  4SS 

—  percentage  of  gold  recovered,  430 
Travertine  at  Fitxroy  Lead,  49 

—  at  Kalgooclie,  64 

Treatment,    afleclej    by    proportion   of 
lelluriiie,  54S 

—  fienerai    obwrvBtions  on  lystems  at 

Kalgoorlie,  407,  428 
Tracking.     Set  Tiamming 
Tmck»,  mine,  c»pa:ilyof,  169 
Tobe  miU,  366,  371,  373.  380,  400,  406 
Tunnelling  clainu,  4S4 
Twenty.five  Mile,  age  of  deposits,  47 

biotile  granite  nl,  47 

character  of  bedtocl:,  47 

direction  of  lead,  4S 

distribntion  of  gold,  47 

kaolin,  47 

nature  of  cement  deposits,  43 

oii|;in  of  gold,  47 

potholes  in  b«lrock,  47 

—  ~-  yield  of  gold,  48 


339 

(oxi(li''ed),  Bonldei  Klain  Reef,  235 

Golden  Hoise-shoe,  118 

Great  Boolder,  236 

Perseverance,  239 

Hannan's  Brownlull,  343 

—  Star,  X40 

Ivanhoe,  225 

Lake  View,  322 

„ South,  338 

__  „  „  North  Boulder,  231 
Soath  KalguHi,  240 


(jLAKsrNO    district,    gold    production, 

1900-1,  601-605,  613 
Underlie  shafls,  168 
Unsuitable  plant,  499 

Vacuuu  rondensen,  134,  161 

Vale  of  Cootgardie  Gold  Mining  Com- 
pany, Lioited,  dividends  and  pro- 
ducdoii,  1900-1,  609,  6IS 

Vanadium  nuca,  Kalgoorlie,  109 

—  in  Kilgoorlie  ore,  295 

Vanadinite,  Coolgatdie,  38 

Vanghan,  Davis  and  Party's  claim, 
Kanoima,  5S 

"Vcmilalion,  184 

Veiin  sampler,  188 

Volcanic  action   in  Western   Australia, 


*3 


Wages,  average  lales  in  miiung  districts 
and  coaTlields,  1899-1901,  60S 

—  <!0>t   on  Ran  i   in  developing   min^ 

462 

—  in  SoDth  Africa  and  America,  co«- 

{larative  rale  of,  462 

—  rates  at  Jobannesbai^,  462 
— ■  ■ —  at  Kalgoorlie,  464-465 

on  Rand  in  piodudog  mine,  463 

Waibi,  New  Zealand,  cyamding  at,  153 
- '  Walls  within  Walls."  (Kalgoorlie),  98 


for  oil  at,  433 
Watek,  acid,  destruction  of  jupet,  350 

—  aerial  ci.ndcnsers,  127 

- —  agent  in  ciassification,  19 

—  allowance  to  workmen.  135 

—  analysis  of,  in  Great  Boulder  Proprie- 

tary, 121 

—  artesian  wells,  13S 

—  Canc-erass  Valley  Works,  136 

—  catchment  aieas,  llS 

—  cha:actcr  of,  Western  Australia,  125, 

iz6 

—  condensers,  capacity,  I3S,  130 
types  of,  138 

—  condeosiDg  plant,  cost,  129 

—  cnntarainalion  of,  133 

—  consumption  in  miUtng,  133,  23a 

—  "coolers,"  I28,  134 

—  Coolgardie  pipe  line,  139 

—  cost  of  conaeiuiD|T,  132 
in  early  days,  113 


-peril 


ofoi. 


131 


—  density,  133 

—  dirty,  efiect  on  eiliaciion,  iis 

—  driokinB,  132 

—  effect  0' rocks  on,  121 

—  evaporators,  139 

—  flaming  in  California,  136 

—  Government  project,  i^ 
wdr,  136 

—  Helena  River,  136 

—  jacket  fnmace,  403 

—  level,  effect  on  ore  bodie>,  91 
in  shafts,  121 

—  losses  in  summer  and  winter,  I33 

—  loss  per  loo  of  ore,  133 
Ihro^h  natural  bores,  118 

—  mill,  difficulties  with,  350 

—  naluial  reservcun,  119 

—  North    Boulder,    specific   gravity    of 

solids,  267 

—  pipe  main,  138 

—  pumping  staLons,  137 

—  rainlall  per  acre,  1 1 7 

—  raising  in  ibafts,  170 

—  recaving  tanks,  137 

—  salinity  of,  133 

—  salt,  coat  ot  131 
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\yATKB,  lalt,  decompodiion  of  cj'uiiile 
solmioD,  133.32'.  333 

diHiculiiei  with  condensers,  150 

iffect  on  paint,  254 

iiicrusuiion  0.1  i.ip«,  250 

objlacle  lo  amilganiation,  133,  216 

lores  caused  1>jf,  1 70 


--  for  si 


118 


—  tube  boilers,  161,  ijo 

—  vacQDm  coudenseis,  134 

—  yield  from  bores,  I  u 

inihtfts,  131 

from  wells,  IM 

Waterfall,  the  discover;  of,  147 
Watson  (uid  Denny  crinding  pans,  237 

Wells,  131 

—  daily  output.  III 
Western.  Austral  IB,  arei,  5 
clim>t«,  5.  9 

—  —  cost  of  living,  463 
diBcorery,  1 

~  —  earliMt  loap,  3 

flora,  10 

jeolojicnl  features,  9 

stmcture  of  central  plateau,  V> 


Wet  crushing,  possible  meu))  of  cheapen- 
ing at  Kalcoorlir,  439 
"  Wet  fround',^  nse  of  term,  4G4 
Wheeler  condenser,  233,  250 
^  grinding  pans,  330,  343 
While  Feather  Main  Keel.  Ud  ,  Jo 

^  divi.knds    and    production, 

1903-1,  6.^9,  614 

AifKanowna 

reward,  50 

Wilfley  conceniritors,  366 

—  tables,  349.     in  Coucentrators 
(Ivanhoe),  3)7 

Wilson's  Gully  Lud,  Kinowna,  54,  59 
Willy-willy,  IJ 
Winches,  compressed  air,  171 
Wind,  direc'ion  of  prevalent,  17,  18 

—  erosion,  14.  17,18 

Winding  plant.    Sa  Shaft  Equipment 
and  Hills 

cost  of,  163 

Golden  Link  Mine,  163 

~  —  poppet  lq[»,  160,  l6x 

Windsor  lease,  48 

Winnowing  of  materiil  bjr  wind,  17 

wr™,.  1,. 

M  ire  ropeway,  315 

Wood,  □  ly  products  of  combustion,  150 
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The  phosphor  BRONZE  GO. 

LIMITED. 
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